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Fig. 1. Sketch map of Salmon Glacier area. 
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PHOTOGRAMMETRIC AND GLACIOLOGICAL 
STUDIES OF SALMON GLACIER 


Dieter Haumann* 


Introduction 


IncE the middle of the last century extensive studies have been carried 
~ out on some glaciers to determine the causes of fluctuations in glacia- 
tion. It was soon found that the factors involved are very complex and 
vary both regionally and locally. Therefore a more statistical approach was 
taken and glaciological expeditions have been sent all over the world to 
collect information. 

A glacier, product of climate and topography, undergoes rapid changes, 
often of considerable magnitude, in mass and extent. An exact recording of 
these changes can best be accomplished by accurate mapping of the glacier 
and its surrounding terrain at suitable time intervals and at appropriate 
scales. When studied together with meteorological observations, the map 
series permit a comprehensive analysis of the behavior of the glacier. An 
accurate map is an indispensable foundation for all scientific and practical 
investigations in a glaciated area. 

Classical field mapping methods have proved to be quite ineffective. 
An improved technique was provided by photogrammetrists, who have been 
using terrestrial stereophotogrammetry in glaciological work for the last 
fifty years. The results of their work are often masterpieces of photo- 
grammetric engineering. However, little effort has been made to apply 
aerial photogrammetry to detailed glaciological studies, and it is believed 
that the Salmon Glacier project and the ablation studies in the Salmon 
Glacier area represent one of the first attempts to use aerial photogram- 
metry in a systematic way as a surveying method for glaciers. 

It is true that aerial photographs of glaciated regions have been taken 
before and aerial photogrammetric studies have been made, e.g., of Eastern 
Greenland in 1932 (Lacmann 1937), near Mount Everest in 1933 (Fellowes 
1934), in Norway in 1937 (Finsterwalder 1951), and on Mount Rainier, 
Washington, U.S.A. in 1951 (Hofmann 1953). Glaciated areas have also 
been photographed in official mapping surveys in several countries. How- 
ever, these undertakings were not directed specifically towards the detailed 
surveying of glaciers and practically no glaciological aims were involved, 
nor were the results significant for glaciology. 


*Photogrammetric Research Section, National Research Council, Ottawa, Canada. 
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In 1956 and 1957 the University of Toronto organized as part of the 
I.G.Y. program two expeditions to the Salmon Glacier region in British 
Columbia. These were concerned primarily with seismic and gravimetric 
measurements of the Salmon and Leduc Glaciers, but also included 
hydrological and microclimatological investigations (Adkins 1958). The 
National Research Council participated in the second expedition by sending 
the author as geodesist-glaciologist to establish a ground control network 
and to carry out the field work necessary for the aerial photogrammetric 
survey of the Salmon Glacier, and also to engage in glaciological observa- 
tions if time permitted. Some of the triangulation points used on the second 
expedition were set up by Mr. Keith Arnold during the first expedition. 


The expedition area 


There are several general maps showing the expedition area. These 
are (a) Iskut River, Canada, Sheet 104B, National Topographic Series, 
1: 250,000, (b) USGS Bull. 807, Plate 1, 1928, 1:62,500, Topographic Map of 
the Hyder District, Alaska, and (c) International Boundary between United 
States and Canada, 1: 250,000, Sheet No. 3, 1927. 

Salmon Glacier lies in the Coast Mountains, which occupy a strip 150 
to 200 km. wide along the Pacific coast of Alaska and British Columbia. 
This range terminates in the north in the St. Elias Mountains, which rise 
in Mt. Logan to a height of 6050 m. (all heights refer to mean sea-level, 
unless otherwise specified), and continue south in the U.S.A. as the Cascade 
Ranges, whose average height is about 2300 m. with volcanic peaks (Mt. 
Rainier) up tu 4400 m. (Fig. 1). 

The Salmon Glacier region lies in the central lower section of the Coast 
Mountains along the Alaska-Canada boundary at the southern end of the 
“Panhandle”, the 900-km. long coastal strip of Alaska. The nearest settle- 
ments are Stewart, B.C., and Hyder, Alaska, both within 20 km. of the 
glacier. 

The Coast Mountains are not continuous but consist of an intricate 
system of small mountain groups and chains. The geological composition 
of the range is complex and the chief types of rock are granite, pegmatite, 
and slate. 

The peak areas are heavily glaciated, and the snow line lies between 
1400 and 1700 m. depending on exposure. Valley glaciers attaining lengths 
of 20 to 30 km. flow from the large accumulation areas, sometimes forming 
networks of ice streams. Valley floors at altitudes between sea-level and 
about 500 m. are buried under glacial or glacio-fluvial till. 

The lower slopes of the mountains are covered by a dense primeval 
forest, mostly coniferous. The timber line lies between approximately 500 
and 600 m., although isolated wooded areas occur on suitable, relatively 
flat terrain to about 900 m. Above the timber line lies a belt of scrub that 
merges into a zone of alpine tundra vegetation at about 1100 m., where 
Ericaceae, mosses, and lichens are found and even juniper bushes occur in 
favourable spots. 
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Field survey 


From the start the emphasis in field work was placed on securing a 
dense and accurate ground control network to guarantee the required 
accuracy for the photogrammetric processing of the photographs. Further- 
more, it was decided that all control points were to be set up so that they 
would be distinctly visible in the aerial photographs and at the same time 
would be as durable as possible so that they could be used in subsequent 
periodic surveys. The relative flying heights were fixed at 2100 to 3000 m., 
so that a mean elevation error in the photogrammetrically drawn contour 
lines would not exceed 50-70 cm. This meant that the vertical control points 
had to be accurate to +10 cm. Since an inaccuracy in distance measure- 
ment introduces an appreciable error in height calculation when steep 
lines of sight have to be used, the accuracy of the horizontal angular 
measurement had to be carefully specified. Taking into account the expected 
conditions, the accuracy requirements for the observation of horizontal 
angles were determined from the formula for trigonometric height 
measurement: 


Ah = stane +i-z+(*>*)s, (1) 


the distance between two points, 
the height of the instrument above the station, 
the height of the signal above the point observed, 
the vertical angle, 
the radius of the earth, 

k = the refraction coefficient. 

All triangulation observations were carried out with a Wild T-2 
theodolite, which gives under the field conditions encountered an accuracy 
of +2 seconds for the horizontal angles. The extreme difference in height 
should not exceed 2000 m. and the average length of a side should range 
between 3 and 5 km. Differentiation of formula (1) gives 


where 


II 


s 

i 
z 
a 
r 





a? ee (2) 


d( Ah) = ds tana + a 


Errors di and dz in the instrument and signal heights were easily kept 
within a few millimeters and were therefore not considered. R, the error 
due to refraction, cannot be determined or estimated in a practical way, 
but it can become very large as it increases with the square of the distance. 
The fact that lines of sight near the ground do not occur frequently in high 
mountains favours the results. Good results can be obtained by observing 
the vertical angles from both ends of a line simultaneously, but this proce- 
dure is not practical on expeditions of this kind. However, the vertical 
angle of nearly all triangulation lines was measured in both directions, but 
at different times. Disregarding the error R for the present analysis, the 
following expression remains: 


d(Ah) = ds tana + sda/cos’a. (3) 
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By assuming that da = +2 seconds, as already indicated above, and 
substituting other quantities: Ah = 2000 m.,s = 3000 m., a = 34°, and 
d(Ah) = 10 cm., the error in distance ds would amount to about 9 cm. 


This limit of error for the length defines an error of +5 cm. in the 
coordinates. 


When it is supposed that every new point is determined by intersec- 
tion, the following expression can be derived from Fig. 2 for an estimate 
of the error: 


¥ 
m = sd¢ cos > (4) 


when m = 5cm., y = 40°, ands = 5 km., then d¢@ ~ 2.2 seconds. 


a® 


Fig. 2. Derivation of 
error in length 


dp dD \ at intersection. 





Since these error limits practically demand maximum accuracy of 
observations under the conditions assumed, particular attention was paid 
to pointing accuracy and to the types of signals, cairns, and pyramids used 
in the triangulation net. Whereas aerial surveying requires large fiat 
markers, signals used in triangulation must be vertical, such as cairns, etc., 
and they must be of a good height. It is desirable to erect the signals so 
that the points can be occupied and eccentric observations avoided. This 
permits checking the closure errors in the field and assessing the quality 
of basic field work on the spot. The best signals were tripods about 2.10 to 
2.50 m. high with a yellow flag mounted on the top. As second choice, 
cairns were erected and painted yellow for easier detection. Quite fre- 
quently there was no choice but to set up separate triangulation and photo- 
grammetric control points close to each other. Since cairns are rather 
difficult to identify in aerial photographs, a circle of flat yellow-painted 
stones was placed around the cairn. Yellow paint seemed to give best 
results for both photogrammetric and field surveying. 
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The size of the control-point targets depends on the scale of the aerial 
photographs and the contrast between the target and the surrounding 
terrain. For the Salmon Glacier project 60 60 cm. Masonite targets were 
used, painted with flat white on one side and black on the other. With a 
photo-scale of 1:14,000 (relative flying height 2200 m.) these targets should 
produce an image of 0.04 mm. diameter if the geometrical relationship only 
is considered. Out of 21 targets laid on a dark rocky background 19 were 
located with certainty on the photographs, although not without difficulty 
and occasionally only after comparison with pictures from lower flights 
(1:6500 at 1040 m.). Of 30 targets laid on snow or ice black side up none 
were located, even on low altitude photographs, because of the halation 
effect of the strongly reflective surrounding area. 

Signals had to be erected over the entire triangulation network before 
observations were carried out to assure a high accuracy of angular meas- 
urements. This is not always possible on high mountain expeditions because 
of limitations imposed by high altitude and rugged terrain, but at Salmon 
Glacier no such difficulties were encountered. 

The triangulation net was designed to conform to the shape of the 
glacier (see Fig. 3 and the map). In selecting the triangulation points care 









MT. WHITE FRASER 


Fig. 3. Triangulation net for Salmon Glacier. 
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was taken to ensure that at least three triangulation stations could be 
seen from most of the points within the glacier area. If necessary new 
points could then be determined by resection. 

The photographed region contains several international boundary 
points and two triangulation points of the British Columbia Topographical 
Survey. However, since it was doubtful whether these could be located 
easily and used without extensive local triangulation operations, two base 
lines were established and measured. Both are in the southern part of the 
network and showed good agreement with each other and with the available 
fixed points. 

The triangulation net consists of 32 stations, including two B.C. 
Topographical Survey points, four points of an additional network permit- 
ting an extension of the triangulation to the Chickamin Glacier, four base 
points (only two of which were permanently established) and three 
secondary points, one of which could not be occupied because the snow 
bridge leading to the point had melted in the meantime. 

Fifty-four additional control points were tied into this system. Thirty 
of these were situated on the glacier and were determined by resection. 
The required measurements were carried out on the day of the photo flight 
to prevent errors in the coordinates and heights caused by glacier move- 
ment and ablation. Attractive as this method of determining control points 
on the glacier may seem, it proved unsuitable in practice. Since the weather, 
and hence the time of the flight, could not be predicted in advance, the 
survey parties were compelled to be on constant watch and this involved 
a considerable loss of time. In this project all 30 points established on snow 
or ice were useless for plotting purposes. 

Despite the good triangulation results (mean errors below 1.5 seconds 
at individual stations), the mean closure error in triangles amounted to 
+8 seconds. In the main this is caused by centering errors, as an ec- 
centricity of 5 cm. is sufficient to cause an angular error of 10 seconds for 
a distance of 1 km. 

The triangulation net was computed in a local system, with the origin 
at 56° 00’ N. and 130° 15’ W. (see also Fig. 5). The net was divided into 
three parts that were adjusted by the methdd of least squares and then 
linked together. The additional net was tied in by single-point adjustment. 
The errors resulting from the adjustment are shown in Table 1 for individ- 
ual parts of the nets. 

Altitude measurements were adjusted by an iterative approximation. 
The average error of closure of a loop was 9 cm.; the extreme values were 
2 and 41 cm. The mean square error of an adjusted altitude point was 
+ 1l cm. A list giving full details of all triangulation points can be supplied 
by the author. 

Photogrammetric operations 
(A) Aerial photogrammetry 

Aerial photogrammetry was chosen as the actual surveying and 

mapping method. Glaciological mapping requires greater accuracy in 
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altitude and horizontal position than regular topographical mapping since 
it is necessary to determine minute changes of the glacier and to plot certain 
features with dimensions of the order of a few metres. The fundamental 
question of picture and mapping scale must be solved accordingly. 

Experience of European centres that have carried out glaciological 
studies in Asia, Africa, South America, and recently in the U.S.A. has 
shown that scales smaller than 1:25,000 as the publication scale should not 
be used. The most useful scales have been found to be 1:10,000 and 1:12,500. 
A seale of 1:5,000 is rather costly, but it permits a very detailed presenta- 
tion of recessional moraines, terraces, and other glacial features. 











TABLE 1. 
South net Summit net Central net 
Mean error of one direction $326" +4.0° 73:0" 
Average side length (km.) 2.72 3.0 3.22 


Mean coordinate error (cm.) +5.0 *+8.0 +7.0 


A mean altitude error of 60 cm. was aimed at for the contours. This 
can be maintained by choosing a relative flying height not exceeding 2500 
m. The relative flying height is the crucial factor in aerial photography over 
mountainous regions since it is impossible to maintain it throughout a 
project. It determines the number and the pattern of photographic flights. 
If there are no sharp bends in a valley, the line of flight can be laid out 
along the valley axis, and then the surrounding mountain slopes will not 
interfere seriously with the planned flight. If winding valley systems prevail 
the flight line must be broken accordingly or even careful consideration 
must be given to the use of terrestrial photogrammetry. 

The gradient of a glacier frequently makes it necessary to break up 
the lines of flight by changing absolute flying heights to keep relative 
flying heights within acceptable limits and to ensure that the whole width 
of the glacier is recorded on the pictures. It should be remembered that a 
sufficiently wide strip of terrain on both sides of the glacier must be 
included. 

Because of the T-shape of the Salmon Glacier two principal flight lines 
were planned. The north-south line began at the tip of the Salmon Glacier 
and followed the valley to the tongue of Berendon Glacier. The east-west 
line extended from the central bend to Mt. Upshur. In addition to these 
continuous flights, photographs were also made at half the former flying 
heights carried out in steps to keep relative flying height and picture scale 
within acceptable limits. The data on individual flights are given in Table 2. 

The photographs were taken on August 14, 1957, with a Fairchild 
F-224 camera with a Metrogon lens supplied by the R.C.A.F. The flights 
were carried out in an Anson aircraft by the British Columbia Department 
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TABLE 2. 
Altitude 
accuracy 
Absolute Range of flying (0.25°/.. 
Flight Picture flying Altitude height above _ of flying Range of picture 
number number height of terrain ground height) scale 
m. m. m. cm. 
1 1- 32 3960 950-1600 2360-3010 60-75 1:15,000-1:19,500 
2 33- 54 2500 1180-1520 980-1320 25-30 5700- 8600 
3 55- 91 2200 950-1330 870-1250 20-30 5600- 8100 
4 92-122 3200 150- 950 2250-3050 55-75 14,500- 20,000 
5 123-170 2010 650- 950 1060-1360 25-35 6900- 8800 
6 171-209 1710 150- 870 840-1560 20-40 5500- 10,000 
7 


210-214 1710 200- 450 1260-1510 30-40 200- 9800 


of Lands and Forests. The F-224 camera is considered obsolete, and a 
modern camera fitted with one of the newest lenses would have produced 
photographs of superior quality. Previous photographs of the Salmon 
Glacier region were taken with the same camera type. Basic flight informa- 
tion is contained in Table 3. 


TABLE 3. 
Date Flying height Scale 
26 Sept., 1942 6100 m. obliques 
Sept., 1949 6100 m. 1:40,000 
Aug., 1956 6100 m. 1:40,000 


(B) Terrestrial photogrammetry 


Terrestrial photogrammetry has been the only topographical surveying 
method employed on glaciological expeditions so far. It has been used 
successfully for many years in the high mountain ranges of Europe, Asia, 
South America, and in the polar regions (Finsterwalder 1932; Hofmann 
1955, 1957; Colcord 1957; Marussi 1957; Hillebrand 1954; Finsterwalder and 
Schneider 1958). Terrestrial photogrammetry permits the surveying of the 
most difficult terrain with a minimum outlay for personnel and equipment 
(Colcord 1957). With suitable instruments it is usually possible to take 
photogrammetric pictures and to determine the control points simulta- 
neously. By the use of close-range base lines, areas of special interest can 
be plotted in any desired scale. 

On the Salmon Glacier, since aerial photogrammetry was chosen as the 
principal surveying method, terrestrial photogrammetric work was confined 
to four photographic base lines and three velocity base lines (Pillewizer 
1938 and Finsterwalder 1931). The snout of the glacier was photographed 
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in June and again in August. A comparison of these photographs would 
have determined the ablation from June to August, but this was not done 
because of lack of time. Three velocity base lines were laid out at Mystére, 
Tick, and Mineral Gulch. 

Since terrestrial photogrammetry has been dealt with extensively as 
a surveying method (Zeller 1937, Finsterwalder 1939), only its use for 
establishing velocity profiles (Colcord 1957) will be discussed in this paper. 
This use does not require any traverse of the glacier surface and, unlike 
all other techniques, permits the measuring of the rate of flow at any point. 

A base line parallel to the direction of flow of the glacier is laid out 
with the camera axis perpendicular to it (see Fig. 4). A pair of pictures 
is taken of the area to be studied. The time of the first picture A; is noted 


d GLACIER 





— 
direction of flow 














Fig. 4. Method of establishing 
velocity profiles by 
terrestial photogrammetry. 














be, ta r *e 


as well as the height of the instrument (height of camera lens above the 
station) and pertinent photographic data (tilt, rotation). Four to fourteen 
days later another photograph (left) is taken with exactly the same photo- 
graphic data. On picture pair A,B; salient points (1, 2,3 ...n) near the 
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centre of picture A; are located and their x-parallaxes *a, — *®, are 
measured. Then pictures A; and A», are compared and the horizontal and 
vertical components of glacier motion *a, — *a, and 7a; — “Ao are 
measured. With formulas (5) to (9) the rate of flow d,, and the difference 
in elevation d,, can be calculated. 





wn bf ; 
[= (Xa, — *B,) (9) 
(“a — *Ag) 

du= f —- (6) 

(7a, — 7A.) a 

ga (7) 

where f = focal length of camera, 
d 

v= — m/day or (8) 
a 

v = 365 - 7 m/year (9) 


(In formula (8) the time interval, t, is expressed in days between successive 
photographs. Since the velocity of glacier flow can vary greatly throughout 
the year, extrapolations may give wrong results). 

The difference in elevation of a given point is composed of a component 
due to the forward motion and the slope of the glacier, and of another 
component due to the ablation. 


dv=vttana+A (10) 


where a slope of the glacier 

A = height difference caused by melting of ice. 
In order to obtain reliable results, the slope of the glacier at a given point 
must be measured very accurately. In consequence, formula (10) is seldom 
used. 

Stereocomparators are the most suitable instruments for this work, 
although even a simple parallax-bar will suffice. 

In laying out velocity profiles it is important to ensure that the entire 
surface of the glacier is visible from each camera station. To maintain 
precisely the orientation of photographs taken from Station A aim is 
generally taken on a distinct point on firm ground on the opposite side of 
the glacier. Points A and B should be properly marked in order to ensure 
an exact reoccupation. Comparison of both pictures A, and Az is facilitated 
if a narrow strip of solid ground or a few boulders are visible in the fore- 
ground of photographs A. The length of the base will of course depend on 
the width of the glacier. For a width of 1000 m. a base of approximately 
60 m. will give the distance to + 1.0 m. The time interval between photo- 
graphs A, and A, must be chosen according to the expected velocity, but 
it should not be too long, for ablation will change the glacier surface so 
much that it will be difficult to locate the corresponding points. Four to 
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fourteen days is an adequate time interval, but on slow moving glaciers 
even 4 to 8 weeks gave good results. 


Photogrammetric evaluation 


A Wild Autograph A-7 and a Kelsh Plotter were used for the plotting 
of the Salmon Glacier photographs. The plotting began with an aerial 
triangulation of both high altitude strips to make the ground control net- 
work denser by additional photogrammetric control points. This work and 
plotting of some parts of the Salmon and Berendon Glaciers was carried 
out on the A-7. The main part was mapped on a Kelsh Plotter, with a 
500-m. wide gap filled in on Multiplex. A sketch map (Fig. 5) shows the 
areas mapped on various plotters (see also key diagram on map in pocket). 

Plotting was done at a scale of 1:10,000, with the exception of the 
south snout plotted at 1:5,000 and of the outwash plain in front of the snout 
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plotted at 1: 2,500. Because of the steep slopes a 20-m. contour interval was 
used for solid ground and a 10-m. interval for the surface of the glacier 
itself. Special attention was given to glacio-morphological features such as 
moraines, terraces, debris paths, and the character of the glacier surface. 
The publication scale of the map is 1: 25,000. 

The A-7 plots of the Salmon and Berendon snouts contained many 
topographical details. The large, flat, snow-covered glacier areas in the 
upper part of the central tongue made the drawing of contour lines very 
difficult, and some could be completed only by interpolation between spot 
elevations. However, as soon as the serrated firn became visible the contour 
lines could be drawn with the same accuracy as on solid terrain. 

The entire stereogram could not be plotted on the Kelsh Plotter because 
of the sharp drop in brightness at the edges. The difficulties were increased 
by the steepness of the valley slopes. The relative difference in height 
between the glacier and the terrain at the edge of the picture was sometimes 
as much as 50 per cent of the relative flying height. 

Plots were carried out also from photographs taken in 1949, and thus 
changes that occurred from 1949 to 1957 were determined for the area of 
the south snout, the north snout, and a part of the central tongue. Control 
points were selected from the 1957 photographs and transferred to the 1949 
photographs. Since the 1949 flying height was 6100 m., the plots of the 1949 
photographs are not as accurate as those of 1957, and a mean height error 
in the contour lines of approximately +1.50 m. must be expected. This was 
probably the first time a precise quantitative study was made of the reces- 
sion of a North American glacier. 


Glaciological studies 


(A) General conditions (see Figs. 1 and 6) 


In the Salmon Glacier region the Coastal Ranges are deeply channeled 
and the crest patterns of the individual chains and mountain groups very 
complex. The group from which the Salmon Glacier flows has the shape of 
a reversed “L” and is bounded on the west by the valleys of the Unuk and 
Leduc rivers and on the east by the Salmon and Bowser rivers. It is 
separated from the mountain ranges to the south by the Chickamin River 
valley and by Texas Creek Gorge which leads into the Salmon River valley. 
In the north it terminates in the flats of the Bell-Irvin River. 

The Salmon River valley contains the tongue of Salmon Glacier and 
continues to the north across Summit Lake to the Bowser River valley, for 
which Salmon Glacier constitutes the water shed. The same conditions 
apply for the Leduc and Unuk Rivers, where the ice mass of the Leduc 
Glacier and Glacier VI occupies the valleys. From this ice mass the South 
Unuk River flows north and the Leduc River south. 

Within these boundaries are three large névés: a northern one around 
Mt. Knipple, a central one, and a southern one around Mt. John Jay. The 
latter covers an area of about 30 sq. km. of moderately waved firn plateau 
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and feeds about 10 small glaciers terminating at altitudes between 1000 and 
1200 m. The central accumulation area is a large valley about 30 km. long 
and 2 to 3 km. wide between the Mt. Pearson chain in the west and the 
Mt. White Fraser and Berendon chain in the east. This “large firn valley” 
is the accumulation region of seven large valley glaciers, the largest being 
the Frank Mackie Glacier III, the Salmon Glacier IV, and Glacier VI. The 
northern accumulation region is similar to the central one, but is not quite 
as large. 


of Tiss J weed 
Page, SALMON GLACIER 
at —s Kilometres ° 2 > - 5 


Fig. 6. Mosaic of Salmon Glacier area from aerial photographs taken in 1956. Compare 
with Fig. 1. 


(B) The large firn valley (see Fig. 7). 

This includes the actual firn valley extending north for 25 km. from 
High Camp (1593 m.) and two smaller valleys between Scottie Dog and 
Mt. Upshur and between Mt. Upshur and Mt. Wrong. The last two feed the 
Chickamin Glacier. From High Camp the terrain ascends at first gently 
and then somewhat more steeply towards the ncrth, reaching its highest 
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point about 6 km. away somewhere north of Mt. White Fraser at about 
1850 m. From there it descends at a slope of 4.7 per cent towards the north 
and forms the Frank Mackie Glacier. There is a steeper section between 
Mt. Berendon and Mt. Pearson. Up to that point the east side partly melts 
away, owing to the increased exposure in that vicinity. Where the snow 
cover remains intact no crevasses are discernible. However, at about 4.5 and 
at 5.5 km. north of High Camp there are two groups of very large crevasses 


that appear on all available aerial photographs, including the obliques taken 
in 1942. 
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Fig. 7. The large firn valley photographed from the north peak of Mt. Jefferson Coolidge 

on June 2, 1957. The peaks are, from left to right: Scottie Dog, Mt. Pearson (pyramidal 

peak), névé, Mt. Berendon, and Mt. White Fraser (2325.7 m.). Névé in middle background 

is 30 km. away. Note the big crevasses that were already observed on the oblique aerial 
photographs of 1942. 


Unfortunately, no reliable precipitation data are available. On June 10, 
1957, in a trench being dug about 100 m. north of High Camp, a layer of dirt 
was reached at a depth of 4.70 m., which may indicate the thickness of the 
snow cover of the previous year. Density measurements in this trench gave 
a mean value of 0.54 g./cm.3, from which a precipitation of about 2540 mm. 
of water equivalent at an altitude of 1590 m. was calculated. The meteoro- 
logical station at Premier, about 18 km. east of the camp at an altitude of 
only 300 m. above mean sea-level recorded 2210 mm. of precipitation per 
year. The difference can easily be attributed to differences in altitude and 
exposure. 

These values lie well within the limits expected for the Alaska coast 
region, but they do seem rather low for the extent of glaciation in the 


Salmon Glacier area, with its relatively low altitude and warm summer 
weather. 
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The accumulation areas of individual glaciers could be defined only 
very roughly. If the summit of the pass is assumed to be also the ice shed, 
approximately 60 per cent of the area of the firn valley would be contrib- 
utory to the Frank Mackie Glacier and the rest to the Chickamin Glacier. 
Only a very small part appears to feed the Salmon Glacier. About 300 m. 
west of High Camp part of the firn area begins to descend very definitely 
towards the south-west and thus defines the reservoir region of the Chicka- 
min Glacier, and another 1500 m. farther crevasses clearly indicate move- 
ment towards the Chickamin Glacier. 

On the glaciers the snow line shows a very uniform height between 
1300 and 1350 m. Only steep, small glaciers with southern exposures melt 
off at higher altitudes, partly because of loss of snow through avalanches. 
The snow line over rocky terrain is 200 to 280 m. higher. Here the steep- 
ness of the ground together with the exposure produces a greater variation 
in the snow line, but 1550 m. seems to be the representative height. In 
protected areas patches of snow were found 150 m. above mean sea-level 
as late as August 20. 

(C) Salmon Glacier 

After emerging from the large firn valley the Salmon Glacier first 
flows 12 km. eastward down a valley averaging 2.5 km. in width. When 
it reaches the Salmon River valley it divides into two ice streams (see 
Fig. 8). One curves towards the north and discharges another 3 km. farther 
into Summit Lake (826 m.); the other turns southward and terminates after 
about 9 km. at an altitude of 160 m. above sea-level. For further positions 
the distances in kilometres are counted from High Camp (see Fig. 1). 

Starting at High Camp the slope of the glacier is as follows. The first 
part with a gradient of about 8 per cent extends over a distance of 1 
km. and blends into a terrace-like flat area, which terminates at kilometre 
2. From there the gradient increases to 12 per cent, and at a distance of 3 
km. from the camp the second flat area begins and extends to kilometre 
5.0, where the slope changes to 6 per cent and continues interrupted by 
only a short flat step to the bend at kilometre 9.0. In this section Salmon 
Glacier receives two small glaciers between kilometre 3 and kilometre 5 
and a larger tributary glacier from the Mt. White Fraser system at kilo- 
metre 6.5 (left side of map). Two other tributary glaciers come from the 
south, one at kilometre 4 from a snow field that also feeds Texas Glacier, 
and the other at kilometre 8.2 from a snow field west of Mt. Bayard. At 
kilometre 11 the glacier splits into a north and a south stream. After the 
ice fall at Fal (kilometre 11) the south tongue flows at a moderate slope 
of 4.7 per cent with relatively few crevasses as far as the glacier cataract 
near Tick, which has a gradient of 17 per cent. From kilometre 16 the 
gradient decreases to 5 per cent because of the constriction of the glacier 
bed from 1380 m. at kilometre 17.6 to 650 m. at kilometre 19.1. From here 
the gradient of 13.5 per cent remains steady as far as the snout at kilo- 
metre 20.5. At kilometre 17.6 the south snout at one time received another 
tributary, the Munro Glacier, which has receded to such an extent that 
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it no longer reaches the Salmon Glacier. However, the 100-metre long 
lobe-shaped extension of Salmon Glacier still remains in Munro Canyon. 

A characteristic of the central tongue of the Salmon Glacier (between 
kilometres 6 and 11) is the medial moraines that mark the boundary 
between the tributary glaciers from the Mt. Bayard and Mt. White Fraser 
area and the main glacier stream. The glaciers carry relatively little debris, 
because the accumulation areas are not bounded by many steep rocky 
slopes that could deposit gravel and rocks on the névé. The tributary 
glaciers from the Mt. White Fraser region are an exception in that these 
glaciers are fed chiefly by snow and ice avalanches from steep rocky 
slopes, so that accumulation of debris is heavier on these tributary glaciers 
and the result is a marked outcropping of moraines (kilometre 11 to 13 
north). The right-hand medial moraine reaches considerable dimensions 
only in the central part of the south tongue (from kilometre 15 southward). 









Fig. 8. Panorama of Salmon Glacier from Hoar, taken on July 30, 1957, on infrared film. The 
the right are the north tongue and Summit Lake. Signal Hoar can be seen in the lower ri 
peninsula in Summit Lake indicates the extension of the 1920 glaciation. Note 


Salmon Glacier with its tributaries occupies the east-west valley which 
joins the north-south Salmon valley at kilometre 11. At kilometre 10 the 
glacier has a width of 1580 m., made up of a, right-hand ice stream 240 m. 
wide, a main ice stream 990 m. wide, and a left-hand ice stream, 350 m. 
wide. The right-hand ice stream is made up of Bayard Glacier (joining at 
kilometre 8.2) and two minor small glaciers. Since the main ice flow is 
completely devoid of debris, individual components cannot be distinguished. 
At the very tip (kilometre 19.2) there is a fairly large medial moraine 
whose origin could not be definitely established. Judging from the debris 
it cannot be a ground moraine nor till from a sub-glacial rock obstacle as 
there is no evidence of polishing or smoothing. The single rock pieces appear 
to have been freshly broken from a cliff and brought down by the glacier 
in contact with ice only, thus preserving their sharp edges. The fact that 
they have melted out so far down indicates that the debris had accumulated 
in the névé, and the writer suggests that its origin is the bergschrund on 
the west slope of Mt. White Fraser. 
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ong The left-hand ice flow is made up of the White Fraser Glacier and 
on. several minor components that are not easy to distinguish from each other 
en because the connecting links between the different medial moraines are 
ary covered with snow the whole year round. 

ser From kilometre 11, where the valley widens, the main ice stream, 
ris, representing the actual Salmon Glacier, continues to move eastward for 
-ky another kilometre, then makes a 90-degree turn southward. The medial 
ary moraines between the main ice stream and the left-hand components 
ese follow an S-shaped path, and the left-hand components of the main ice 
ky stream follow this motion towards the north for about 500 m., after which 
ers they turn abruptly southward. The right-hand ice stream, formed mainly 
13 by the Bayard Glacier, makes its turn to the south without showing any 
ons special characteristics. It widens out on its bend at the icefall near the 
d). triangulation point Fal to 500 m., owing to relaxation of the pressure 








iim. The Ms about 190°. The central tongue divides in the foreground, to the left is the south tongue, and to 
ywer rig To the left of Summit Lake is Augus Glacier surmounted by Augus Mountain. The small 
n. Note ified photographs the bright barren belts show up dark and green vegetation white. 





ich from the main ice flow. 

he The main ice stream forms a bulb in the bend zone, from which dirt 
m. fans flow off to the north and south. At Mineral Gulch the northward 
m. motion is clearly established as well as the southward one 500 m. to the 
at south of Eyetie. The north snout, derived mainly from the White Fraser 
is Glacier, ends in Summit Lake, where its wedge-shaped ice front rises up 
ed. to 35 m. above the water level. On the eastern flank of the wedge two 
ine brooks have melted a channel about 100 m. wide between the rock and 
ris the glacier, which are now connected only by an ice bridge 120 m. wide. 
as From photographic evidence it is clear that this channel has developed 
ar during the last eight years. 

ier Only the main stream of the Salmon Glacier reaches the southern tip 
iat at kilometre 20.5, because the right-hand branch is squeezed out shortly 
ed before reaching the 18.0-km. mark. The medial moraine formed at kilo- 
on metre 17.0, a ridge 8 m. high and 200 m. wide, is gradually pushed closer 


to the right-hand wall of the valley. By the time it reaches the snout it 
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is only 15 m. wide and lies just beside the glacier gate, which was 40 m. 
wide and 15 m. high in mid-August. Stationary ice masses cover an area 
of about 500 m. by 250 m. just in front of the actual snout. They were 
created when the former snout was covered by the debris from the medial 
moraine, whose outcropping began at kilometre 19.2. On the 1949 photo- 
graphs this area is part of the active snout, and is covered by a triangular 
dirt fan. Melting from radiation and erosion by extensive glacier streams 
creates a complex system of islands and pools, which is constantly changing 
with the melting process. 

The velocity of the glacier was determined by three profiles at kilo- 
metres 18.9 (Mystére), 15.0 (Tick), and 13.4 north (Mineral Gulch) (see 
Fig. 9 and Tables 4-6). The rates of flow, measured at intervals of 69, 22 and 
21 days, were extrapolated to one year. The Tick profile gave the maximum 
velocity of 150 m. per year and shows a parabolic velocity distribution 
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Fig. 9. Three velocity profiles of Salmon Glacier. 
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over the profile. The high values are explained by an ice fall close by. 
The Mystére profile, on the other hand, gives the appearance of a block- 
motion, which is quite possible because at this point the glacier, after 
the stagnant basin between kilometres 16 and 18.5, is being forced through 
a gap where the valley narrows to half its former width. 


Tables 4-6. Results of the velocity base lines. 
Table 4. Base line Mystére (kilometre 18.9). 


Ice flow during 


Distance from observation period Velocity 
glacier margin (June 15-Aug. 13) 
m. m. m./day m./year 
36 11.1 0.16 59.3 
52 32.1 0.16 59.3 
83 11.1 0.16 59.3 
113 12.8 0.19 68.4 
126 13.4 0.20 71.6 
160 12.2 0.18 65.2 
176 13.8 0.20 73.8 
206 14.0 0.20 74.8 
226 15.4 0.23 82.3 
256 15.0 0.22 80.2 
319 16.3 0.24 87.1 
434 15.8 0.23 84.5 
536 16.2 0.24 86.6 
586 2:2 0.18 65.2 
0 0.22 80.2 


645 15. 


Table 5. Base line Tick (kilometre 15.0). 


Ice flow during 


Distance from observation period Velocity 
glacier margin (July 22-Aug. 17) 
m. m. m./day m./year 
129 6.0 0.28 102.0 
177 3.6 0.17 61.2 
181 3.9 0.18 66.3 
244 5.3 0.25 90.1 
254 5.6 0.26 95.2 
328 6.5 0.30 110.5 
420 7.5 0.35 127.5 
531 7.5 0.35 127.5 
580 8.7 0.40 147.9 
760 9.0 0.42 153.0 
941 7.4 0.34 125.8 
1137 5.2 0.24 88.0 
1332* ‘ i ; 


*Point on firm ground on the opposite side of the glacier. 


The Mineral Gulch profile clearly shows the slower motion of the ice 
masses near the edges, where they push up the east-slopes of the Salmon 
valley and to some extent still share in the rotational motion of the main 
stream, and the faster motion of the glacier component discharging freely 
into Summit Lake that is constant over almost the entire profile. 
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Table 6. Base line Mineral Gulch (kilometre 13.4 north). 


Ice flow during 


Distance from observation period Velocity 
glacier margin (July 25-Aug. 16) 
m. m. m./day m./year 
176 0.8 0.04 13.3 
226 0.9 0.04 14.9 
274 0.9 0.04 14.9 
308 0.9 0.04 14.9 
418 3.7 0.17 61.4 
526 3.8 0.17 63.0 
674 3.2 0.15 53.1 
718 3.4 0.15 56.4 
722 3.4 0.15 56.4 
862 Ke 0.15 54.7 
902 2.2 0.15 54.7 
1038 2.7 0.12 44.8 
1126 Ney | 0.17 61.4 
1233 3.7 0.17 61.4 
1472* ‘ : . 


*Point on firm ground on the opposite side of the glacier. 


There are four morainic mounds in the bend zone. The most prominent 
one, close to the Mineral Gulch profile, was discernible in the aerial photo- 
graphs of 1949, and its velocity over the last 8 years could be determined. 
The velocity decreases towards the edge of the glacier. At distances of 
550, 410, and 290 m. from the glacier edge the following velocities were 
obtained: 44, 31, and 25 m. per year. The total distance covered during 
the 8-year period was 315, 250, and 200 m. for the same points. 

The glaciers of the expedition region are receding at the present time. 
The conditions are basically the same as in the Alps. There are indications 
that a glaciation maximum around 1850 was followed by a period of 
recession, which is still going on. During the nineteen-twenties, however, 
this recession was interrupted by an advance during which the glacier 
almost regained its former maximum. After the nineteen-twenties at least 
two smaller advances, or stagnations, must have occurred, leaving two 
small moraines. The similarity of conditions in both areas is evident from 
a comparison of the photographs of the Horn in 1921 and Waxeggkees in 
1951 (Finsterwalder 1953) with photographs of glaciers 3 and 4 of the Tide 
Lake region in 1957 (see Fig. 10). On the Horn and Waxeggkees the 
lateral moraines of 1850 were practically filled up again in 1921, whereas 
in 1951 the snouts occupied only about one-tenth of the glacier bed. The 
picture of the snouts of glaciers 3 and 4 shows the same conditions. 
Unfortunately, no photograph taken during the nineteen-twenties is avail- 
able for better evidence. 

A characteristic of the glaciers of the expedition region is the barrens 
that have melted out since the last high point of glaciation and that can 
be recognized as a bright belt along the tongue extending up into the firn 
region. The glacier surface has dropped considerably. The vertical extent 
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of these belts is very noticeable on the steep valley slopes (Figs. 11 and 
12). At lower altitudes the glacier is surrounded by a coniferous forest 
whose trees reach heights of 30 m. or so. Then follow zones of dense 
and intermittent scrub, and finally a zone devoid of vegetation (see Fig. 
11). At high locations these vegetation zones are less evident or non- 
existent. From comparisons with maps of the Boundary Commission from 
1903 to 1920, it is concluded that the bare zone was still covered with ice 
in 1920. The end of the south snout still extended some distance across 
the border into Alaska and was located at kilometre 22.0. Triangulation 





Fig. 10. Snouts of Glacier 3 (left) and Glacier 4 in Tide Lake valley. The big marginal 

moraines remain from the glaciation maximum around 1850. Trees between the moraines 

are more than 100 years old. Note minor recessional moraines inside the outermost 

terminal moraine, and the advance of vegetation. Note also the former shore lines of 
Tide Lake in mid-picture. 


points had been set up around 1905 at kilometre 22.2 (Salmon Glacier 
north base and Salmon Glacier south base of the Boundary Survey), so 
this area must have been free of ice at that time. About 1850 the tip of 
the snout could have reached as far as km. 22.8, because at that point 
trees whose ages can be estimated as 100 years and older are found on 
the valley floor (see Fig. 11). There is also a hilly formation that could 
be a remnant of the terminal moraine from that time. 

An accurate picture of the expansion of the glacier is given by the 
shore line of Summit Lake. Here the data of the Boundary Commission 
Chart coincide exactly with the recognizable barren (see Figs. 8 and 12). 
In 1920 the ice front was at the narrowest part of Summit Lake. On our 
kilometre scale this would be kilometre 15.4 north. The Augus Glacier 
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was then a tributary of the Salmon Glacier and shared a common path 
with it for about 450 m. This strengthens the assumption that the bare 
strip of terrain shows the extent of glaciation in 1920. At that time the 
Salmon Glacier was still holding back Daisy Lake, about 900 m. long 
and 250 m. wide and 1.8 km. north of point Eyetie. From the shore line 
a water level of 890 m. is assumed. The glacier level of 1850 at the dividing 
area (about kilometre 11) cannot have been very much higher than that 
of 1920, since a few horse trails going back to the time of the Gold Rush 
in the forties of the last century pass within 10 m. of this small glacial 
lake north of Eyetie (compare also with map). 





Fig. 11. South terminus of Salmon Glacier in 1957. Note the different vegetation zones. 
Innermost barren, followed by scattered scrub, dense scrub, and forest. Older trees on 
valley bottom on the left edge of the picture indicate a possible glaciation maximum of 
approximately 1850. The cut-line near the left margin is the Canada-Alaska boundary 
line. An amateur photograph from about 1920 shows the snout still in Alaska. The 1920 
snout seems to coincide with the bare rock formation in the left middle ground. 


As already stated, the aerial photographs of 1949 could be used for 
comparative plottings. Three typical glacier regions were selected (see 
Fig. 5): (a) the south snout (kilometres 19.7 to 21.2), (b) the north 
snout (kilometre 12.5 north to kilometre 14.3 north), and (c) a part 
of the central tongue (kilometres 8.5 to 11.2). The annual height losses 
were determined by Finsterwalder’s method (1953). The formulas for this 
may be given briefly (see Fig. 13) as 
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AF AF 
th ha Habe ah (11) 
re F, + F, 
1e dV = F,, dh (12) 
8 — 
1e qdh = — (13) 
n 
1g 
at where dh = the loss of height during the observation period, 
sh dh = the loss of height for one year, 
al n = the number of years, 
Ah = the contour interval, 
dV = the loss of volume, 
F, = A2:A;B;Be = the area at the beginning of the period, 
F, = C,C.D.D, = the area at the end of the period, 
AF, = AsA;C.C, the contour line displacement at the lower 
limit of the zone, 
AF, = B.B;D.D, the contour line displacement at the upper 
limit of the zone, 
F,’ = A,AsBoB; + A;A,B,B; the total loss of a zone, 
F,” = A,A,B,B,; = F,; + Fy’ the total area at the beginning 
of the period, and 
Fn = (F, + F,”)/2. 
oa 
2s. 
on 
of 
ry 
20 
or 
ee : 
th a ’ + ees 
rt Fig. 12. Dividing area and north snout of Salmon Glacier from triangulation station 
d Sinep (July 29, 1957). The left glacier component widens and forms the north snout 
me: discharging into Summit Lake. Note the barren bands along the glacier margin and on 
Lis the rocky shore of Summit Lake. In the middle ground is the shore line of Daisy Lake, 
which was dammed up during the high glaciation in the nineteen-twenties. 
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Starting from the relation 
dh = Ahds/s (14) 


where s is the horizontal distance between two successive contour lines 
and ds the contour line displacement, the formulas above are easily 
derived by geometrical considerations or by integration. The values could 
also be obtained by a point by point method using eq. (14), but many 
points would have to be determined to eliminate accidental errors. Instead, 
the areas mentioned are planimetered on suitable contour maps and the 
calculation is then carried out with these values. Equation (14) constitutes 
a convenient test. The results are shown in Tables 7 to 10, and the mean 
values obtained from dV/F,, = dh over the four altitude zones are 
given in Table 11. 


Fig. 13. Derivation 
of formulas for 
calculating height losses. 





Table 11. Summary of Tables 7-10. 


Height zones Mean height dv Fm dh dh 


m. m. m.? X 108 ha. m. m. 
180- 320 250 32.27 50.28 64.10 8.03 
850- 930 890 28.61 167.94 17.05 2.14 

1080-1180 1130 10.74 304.69 3.53 0.44 
1180-1270 1225 1.414 41.01 3.45 0.43 


The results show the expected ablation decrease with increasing 
altitude. The values also confirm the assumption that the upper edge of 
the barren represents the glacier shore line of 1920. 
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Exact figures for the glacier recession can be given only for the period 
1949 to 1957. However, comparison of the present glacier shore lines with 
the barrens should enable us to draw useful conclusions for the period of 
1920 to 1957. The comparison is given in Tables 12 to 14. 


Tables 12 to 14. Ablation data derived from comparison of vegetation margins. Observa- 
tion period approximately 1920-57. All values in metres. 


Table 12. Salmon glacier south tongue. 


Heights 
1920 (approximately) 1957 dh dh 
left margin right margin mean 

P 420 420 200 220 5.92 
300 400 350 250 100 2.70 
410 420 415 300 115 3.10 
420 480 450 350 100 2.70 
500 510 505 400 105 2.84 
540 570 555 450 105 2.84 
670 650 660 500 160 4.32 
690 650 670 550 120 3.24 
750 690 720 600 120 3.24 
800 - 800 650 150 4.05 
820 ; 820 700 120 3.24 
860 890 875 750 125 oot 
880 920 900 800 100 2.70 
960 ‘ 960 850 110 2.96 
960 960 900 60 1.62 


Table 13. Salmon glacier north tongue. 


Heights 


1920 (approximately) 1957 dh dh 
left margin right margin mean 
950 ; 950 825 125 3.3t 
960 ; 960 840 120 3.24 
970 960 965 860 105 2.48 
980 972 976 880 96 2.60 
990 1010 1000 900 100 2.70 
1015 980 990 1920 78 2.10 
1020 : 1020 930 90 Ze. 


Table 14. Berendon glacier. 


Heights 





1920 (approximately) 1957 dh dh 
left margin right margin mean 

20 : 820 700 120 3.24 
840 ; 840 750 90 2.42 
920 880 900 800 100 2.70 
980 930 955 850 105 2.83 
990 7 970 900 70 1.88 
1070 ; 1070 950 120 3.20 
1080 , 1089 980 100 2.70 
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Tables 12-14 show the differences in height between today’s glacier 
and the upper edge of the barren strip above. The shore heights on the left 
and the right were averaged and the difference in height between this 
average and the upper edge of the barren strip was divided by 37. These 
values are not as accurate as those obtained from contour line comparisons, 
since local exposure can influence the melting, the nature of the ground 
can affect the advance of vegetation greatly, and the beginning of the 
period 1920 is only approximate. They are useful, however, when earlier 
plottings are not available. 

All observations are combined in Fig. 14. The values scatter consid- 
erably owing to topographical, micro-climatological, and other peculiarities 
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Fig. 14. Ablation values for Salmon, Bayard, and Berendon glaciers. 


of altitude zones. Smoothing would produce a hyperbola-like curve. Extra- 
polation upwards gives an altitude of approximately 1280 m. for dh = 0 
where ablation is balanced by accumulation, i.e., this should give the snow 
line. The actual snow line was at 1300 m. at the end of August 1957, close 
to the end of the ablation period. It should be noted that the loss in height 
near the snout is greater than expected because of its exposure. 
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Since the valley slopes are very steep, the loss in glacier area is quite 
small. In the north snout region a strip of terrain averaging 30 m. in width 
became free of ice between 1949 and 1957. 

In calculating the losses in height, area losses were considered only in 
the region of the south snout. They are given in Tables 7 and 8. 

It was possible to observe the movement of the snow line up the glacier 
during the expedition. On May 31 the glacier was bare of snow up to 
kilometre 17.5 (620 m.), except for a few large patches. The snow melted 
rapidly on solid ground during the first half of June (80 cm. of firn snow 
melted on the bottom of Daisy Lake (890 m.) between June 5 and 18, but 
the snow line remained stationary at the upper level of the ice fall (kilo- 
metre 15.4) until about June 25. A few patches became then bare between 
kilometres 15 and 12. The first boulders of the moraine between Eyetie and 
Gravy (kilometre 12.5 north) melted out, indicating that there was still 
1.5 m. of snow at this point. The exposed patches between kilometres 15 
and 12 grew slowly, the first patches at kilometre 10 became bare, and the 
ice on Summit Lake broke up. A firn line also took shape from the direction 
of the ice front and nearly extended to kilometre 13.5 north on July 1. 
During the first half of July the entire flat glacier area up to kilometre 9 
(1100 m.) was covered with slushy snow, which was knee-deep in some 
places. A wedge of snow extended to the glacier only at kilometre 11 (see 
Figs. 8 and 12) and remained until about August 5, meanwhile receding 
gradually towards the permanent patch of snow to the west of Point Fal 
(kilometre 11.3). During July it was not possible to obtain a clear picture 
of the behaviour of the snow line, but toward the end of the month it had 
reached the Edith-Nepu line (kilometre 6.8) and by mid-August, when the 
expedition was leaving, it was at kilometre 5.7 (1300 m.). 


(D) The Tide Lake area (see Fig. 10) 

At its maximum the Frank Mackie Glacier blocked the Bowser River 
valley and held back a lake on an average 8.5 km. long by 1.7 km. wide, 
which drained intermittently and progressively during the 1930’s. Today 
only two small lakes remain, one at the south end close to the Berendon 
Glacier snout and the other just in front of the outlet that was eroded 
through the lateral moraine of the Frank Mackie Glacier. The two remain- 
ing lakes are approximately 300 m. x 300 m. in size, the water level of the 
southern one being at 647 m. and that of the other at about 550 m. At the 
time of its maximum size, the water level of Tide Lake stood at 785 m. 
The shore line is still very well preserved around the entire lake (see Fig. 
10), and it is clearest at the mouth of Betsy Creek Gorge. The Bowser 
River flowing from the southern residual lake meanders northward along 
the bottom of the Tide Lake basin. The southern residual lake receives the 
glacial streams from the Berendon and Betsy glaciers as well as those from 
glaciers 5 and 6 and the drainage of Summit Lake. In the lake basin itself 
the streams of glaciers 3, 4, and 7 empty into the Bowser River. 
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From stereophotogrammetric plotting twenty-seven former shore lines 
could be distinguished on a large crescentic moraine that the Berendon 
Glacier had deposited on the lake bottom, and twenty-one more shore lines 
were revealed at a higher point at the entrance to Betsy Creek Gorge. 
35-mm. photographs of other points showed as many as thirty-six former 
shore lines. Some can also be discerned on the marginal moraine of the 
Frank Mackie Glacier. The maximum distance found between two shore 
lines was 7.8 m., but most were between 1.5 and 3.0 m. apart. 

The glaciers of the Tide Lake area consist of two groups: two large 
valley glaciers, the Berendon and Frank Mackie, and the seven small valley 
glaciers that descend from Mt. Janowski and Mitre Mountain (glaciers 1-6 
in Fig. 1) and from the Berendon range (Glacier 7 in Fig. 1). The two 
large glaciers show the characteristic barren bands surrounding the tongue. 
On the small glaciers snout losses are noteworthy but the barren bands 
along the margins are not as striking. 





nt “tx of 


Fig. 15. Berendon Glacier photographed from terminal moraines of maximal glaciation 
of approximately 1850. The joining point of the two ice streams is about 2.8 km. distant. 
Note the barren in foreground and along the glacier margins. The small recessional mo- 
raine in the foreground was deposited during a very recent stage in the nineteen-thirties. 


(E) The Berendon Glacier (see Figs. 15 and 16) 

The Berendon Glacier consists of two branches, each having its own 
accumulation area fed from the large firn valley. The two branches join 
3 km. above the terminus, whose right-hand component runs up against 
the rock barrier between Summit Lake and Tide Lake and whose left 
one bends northward and just reaches the flat floor of Tide Lake basin. 
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With its lateral moraine the Berendon Glacier blocked the present 
outlet of Summit Lake. This outlet has cut a deep notch into the 1850 
moraine dam and disappears into Berendon Glacier from which it emerges 
after a sub-glacial run of 1000 m. into a small lake (652 m.). Another 
stream emerges from a glacier gate 250 m. farther north. In the barren 
the Summit Lake outlet was dammed up into a small lake that finally 
vanished about 1950. Three terraces are clearly visible here, from which 
the size of this lake can be estimated. The bed of the earlier outlet gorge 
500 m. to the east is 855 m. high, from which a drop of 29 m. can be 
calculated to the present water level of 826 m. Further to the east are 
two more rifts, whose beds lie at 885 m. and 920 m., respectively. If these 
were still earlier outlets of Summit Lake, another advance than that of 
the 1850 period is indicated. There is evidence to support this previous 
advance as, for example, in the Salmon Glacier valley at kilometre 13 and 
at an altitude of 1200 m., ie., 350 m. above the present glacier surface, 
there are glacial striations running parallel to the present glacier flow. 
However, a definite statement cannot be made for lack of adequate data. 
Assuredly, Pleistocene glaciation in the expedition area must have reached 
proportions similar to that in the European Alps. 





Fig. 16. Present outlet of 
Summit Lake with Berendon 
Glacier in background. Note 

barren on both sides of the 

glacier. The notch was eroded 
through the marginal moraine 
of the glaciation maximum of 

approximately 1850. 
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The moraines show very definitely the glaciation of 1850 and 1920, the 
outermost ones already supporting fairly large trees which grow in rows 
along the crest of the mounds. The flat ground around them is covered only 
with small shrubs. Within these large moraine walls is a smaller one about 
600 m. to the west of the outlet of Summit Lake inside of which the glacier 
bed is entirely bare of vegetation. This would indicate the glaciation of 
1920. The large medial moraine continues 1450 m. farther to Betsy Creek. 
The southern residual lake of Tide Lake is enclosed by a smooth, circular 
ridge which may indicate a still earlier advance of the Berendon Glacier. 
This assumption is confirmed by the form of the barren on the left side 
of the glacier, which descends till it reaches this ridge and then merges 
into the shore line of Tide Lake. 





Set 
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Fig. 17. The 90-degree bend of the Chickamin (left) and Through glaciers, taken at 

2250.5 m. from Mt. Wrong on July 17, 1957. Note large moraine mound to the right of 

middle ground. Rubble has been carried down by Greenpoint Glacier (right), which joins 

Through Glacier. Little debris is transported by the larger glaciers. In mid-picture is 

Humming Glacier with its creek flowing into Chickamin Glacier. To the left of Humming 

Creek is seen the barren of Disappearing Lake. Note also the barren along Greenpoint 
Glacier. 


(F) The glaciers of the Leduc and Chickamin valleys 

The glaciers of the Leduc and Chickamin valleys show essentially the 
same conditions as the other glaciers. They are rapidly retreating and also 
show the characteristic bright barrens indicating the earlier stage of 
glaciation. During their advance they had often lobes extending into 
adjoining valleys, where today the bared glacier beds are clearly distin- 
guishable from the surrounding terrain. The Chickamin Glacier (see Fig. 
17) pushed one such lobe into the Texas Creek Gorge. When the lobe 
melted its terminal moraine dammed a small lake, Disappearing Lake. 
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At its 90-degree bend westward the Chickamin Glacier is met by 
Through Glacier and they flow then side by side until the smaller Through 
Glacier is squeezed out just before the end of the Chickamin lobe. The 
medial moraine dividing these two glaciers decreases in size as it continues 
down the glacier (see Fig. 18). The moraine material is pushed on to 
Through Glacier by Greenpoint Glacier that joins it 1 km. south of the 
large bend. Most of the moraine material is squeezed out eastward at the 
bend, whence the glaciers themselves flow west. The Chickamin Glacier 
does not form a glacier gate because melt water seeps out from under the 
ice lobe into a small lake which is drained by the Chickamin River. 

The Leduc and Unuk glaciers still fill their valleys completely and 
thus form a network of ice streams. Glacier VI divides and its northern 
arm (2.5 km. long) joins a glacier from the other side of the valley. Its 
southern arm (3.5 km. long) joins the Leduc Glacier. This ice mass of 
Glacier VI forms the watershed between the Leduc and Unuk rivers. 





Fig. 18. Looking westward along the medial moraine between the Chickamin (right) 
and Through (left) glaciers. 


Conclusion 


On Salmon Glacier aerial photogrammetry was used systematically 
for glacial studies. A special map (in pocket at back) of the Salmon Glacier 
at a scale of 1:25,000 was produced from aerial photographs taken from a 
relative flying height of 2200 to 3000 m. This established an accurate start- 
ing-off point for further investigations. The glaciers of the expedition area 
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are retreating in conformity with the world-wide behaviour of glaciers at 
present. By a study of vegetation zones fluctuations in glaciation since the 
last advance, approximately during the twenties to the fifties of the last 
century, were reconstructed. Aerial photographs taken earlier, especially in 
1949, were used to prepare plots. They gave accurate indication of ice losses 
during the period 1949 to 1957 when compared with the 1957 plots. Ground 
control was established and monumented to simplify future photogram- 
metric operations. The rate of flow of the glacier was determined at three 
profiles using terrestrial photogrammetric methods. 

In about five years’ time, ie., in 1962, a second mapping should be 
considered of the whole Salmon Glacier area, the adjoining Leduc Glacier 
and Glacier VII areas, and the lobe-end areas of the Berendon, Frank 
Mackie, and Chickamin Glaciers. 

Aerial photogrammetry has been most satisfactory. As the error in 
the altitude of the contour lines should be less than 1 m., relative flying 
heights should be limited to a 3000 m. maximum and preferably not exceed 
2500 m. Superwide-angle cameras are to be avoided. Wide-angle cameras 
with a focal length of 15 cm. and image size of 23 x 23 cm. with up-to-date 
lenses, such as the Aviogon or Pleogon, should be used. The flight pattern 
depends on the terrain and local circumstances. Care must be taken to 
ensure that a sufficiently wide strip of ice-free ground is covered by the 
photographs. The slope of the glacier and the shape of the surrounding 
mountain chains may necessitate breaking up the flight lines and changing 
the absolute flying height in order to keep the relative flying height within 
acceptable limits, e.g. 1900 to 2500 m. for the above cameras. Ground control 
points should be well marked with proper targets. As the scale of the pic- 
ture ranges from 1:12,500 to 1:16,500, the target size should be at least 
0.6 m. square. The rugged terrain in high mountains makes target rec- 
ognition more difficult than in cultivated areas. Targets on white glacier 
surfaces, such as ice and snow areas, were not satisfactory. Ablation and 
glacier flow required a ground survey at the same time as the photo flight, 
and this complicated the organization of both the field survey and the flight. 

Because of accuracy requirements maps must be plotted on precise 
instruments such as the Wild A-7, Zeiss C-8, or Wild A-8 plotters. Plotters 
which use the anaglyph principle for stereo-viewing are not recommended 
because of their limited depth of focus and poor definition of important 
details, which in glaciated areas are difficult to detect under the best of 
conditions. As the interpretation requires a comprehensive knowledge of 
glacial morphology and of the various problems involved in glaciology, 
the plotting should be done by persons who have practical experience in 
glacial work, preferably by those who participated in the expedition. 

Plotting of snow areas is only possible if there is enough contrast in 
the snow surface from snow drifts or other objects and glare is absent. 
These difficulties were encountered on the Salmon Glacier in the area 
(see map) between the triangulation stations Edith and Nepu and High 
Camp. 
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The range of the final publication scale may be given as 1:10,000 to 
1: 25,000. A scale of 1:50,000 is obviously too small for the presentation of 
details important from the glaciological point of view. 
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CARNIVOROUS WALRUS 
AND SOME ARCTIC ZOONOSES* 


Francis H. Fay} 


Introduction 


HAT walrus (Odobenus rosmarus) sometimes develop a habit of eating 
T seals is generally recognized by arctic maritime Eskimos and has been 
mentioned frequently in scientific and popular literature. The role of walrus 
as hosts of Trichinella spiralis seems obviously related to this unusual carniv- 
orous habit (the term “carnivorous” is used in this paper in the restricted 
sense of “eating warm-blooded animals”). The Eskimos are further aware 
of a pathologic condition in man that has been associated with consumption 
of liver from such flesh-eating animals. Little is known of the ecology of 
carnivorous walrus, largely because of their scarcity and the remoteness of 
their habitat. There is however a considerable volume of fragmentary infor- 
mation on this subject in various biological reports and in Eskimo lore. The 
purpose of this paper is to review the available information and to discuss 
the potential importance of these animals as a source of, diseases transmissible 
to man. A brief discussion of the arctic marine trichinosis cycle is also in- 
cluded, with emphasis on host ecology and parasite transmission. 

I am indebted to Dr. Robert Rausch and Dr. Christine Heller, Arctic 
Health Research Center, Anchorage, Alaska, and Dr. Arthur Mansfield, 
Fisheries Research Board of Canada, Montreal, Quebec, for supplying some 
unpublished data used in this review. Dr. Rausch and Mr. Francis S. L. 
Williamson, also of the Arctic Health Research Center, have given valuable 
assistance by critical reviews of the manuscript. 


Carnivorous walrus 


The most remarkable morphological character of walrus is their greatly 
enlarged canine teeth that are possessed by both sexes. It has generally been 
presumed that these tusks are an adaptation for digging molluscs, since 
walrus are bottom feeders in the shallow waters of the continental shelves. 
Occasionally, some individuals deviate from their usual diet to feed on 
mammals, and the aggressiveness and predatory tendencies of these carniv- 
orous individuals evidently have been known to aborigines in Greenland, 


*Zoonoses are diseases of animals that can be transmitted to man. 
+Arctic Health Research Center, Public Health Service, U.S. Department of Health, 
Education, and Welfare, Anchorage, Alaska. 
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arctic America, and northeastern Siberia for many years. Strips or chunks 
of skin and blubber from ringed seals (Pusa hispida) and bearded seals 
(Erignathus barbatus) have been found in the stomachs of walrus killed in 
northern Canada (Freuchen 1935, Collins 1956, Mansfield 1958), Greenland 
(Johansen 1912, Pedersen 1930, Vibe 1950), Franz Josef Land (Tsalkin 1937), 
Novaya Zemlya (Chapskii 1936), and Alaska (Brooks 1954), and in north- 
eastern Siberia seal remains were found in walrus faeces by Nikulin (1941). 
The Eskimos believe, and most published records show, that the carnivores 
are all males. Apparently the only known carnivorous female was one taken 
in East Greenland and reported by Pedersen (1930). 

From details in the papers cited and from personal interviews with 
Eskimos in the Bering Strait region, I conclude that flesh-eating walrus are 
largely divisible into facultative and obligate types, with some intergradation. 
The facultative type, which eats mammals only when invertebrates are absent 
or inaccessible (Chapskii 1936, Vibe 1950), seems to be the more common 
of the two, especially in the Eastern Canadian Arctic, Greenland, and 
Svalbard. In these regions, walrus frequently occupy waters too deep for 
benthic feeding or areas in which food is scarce. As an example, Vibe reported 
that walrus migrating across the north side of Melville Sound in spring almost 
always have empty stomachs due to inaccessibility of food in the deep water. 
He found remains of ringed seal in the stomachs of two among about one 
hundred of these migrants taken at Nege in 1939-41. 

The obligate carnivore has never to my knowledge been observed by a 
biologist; the description of this type is based entirely on verbal reports from 
Eskimos. The obligate carnivores or “rogues” are said to be solitary bulls 
that feed principally or exclusively on vertebrates. In contrast to the facul- 
tative type, which is distinguishable from non-carnivores only by the stomach 
contents, the obligate carnivore has often a characteristic external appear- 
ance. It is relatively lean and slender, with shoulders and forelimbs appearing 
unusually large and powerfully developed; the chin, neck, and breast are 
impregnated with oil from frequent contact with seal blubber, and the 
oxidized oil imparts an amber colour to these regions and to the tusks (cf. 
Brooks 1954, p. 57). The tusks are exceptionally long, slender, and sharp- 
pointed, and their labial surfaces are covered with scratches. The excep- 
tional length of the tusks might be due to a lack of the attrition which 
normally shortens the tusks of benthic feeders (Fay 1955, Mansfield 1958). 

Obligate carnivores evidently constitute less than 0.1 per cent of the 
walrus population in the Bering and Chukchi seas, for out of more than 
3000 walrus taken from 1952 to 1959 by the Eskimos of St. Lawrence Island, 
Alaska only three were of this type. The proportion of facultative carnivores 
is unknown but is believed to exceed 1.0 per cent. 

There is as yet no objectively gathered information regarding the con- 
ditions that induce the drastic, total modification of diet from molluscs to 
mammals, thereby creating an obligate carnivore. A traditional explanation 
is part of the folklore of Alaskan Eskimos (Fay 1955) and of walrus hunters 
in the Soviet Far East (Kleinenberg 1957). It is said by these people that 
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calves whose mothers are separated from them in the first year or two of 
life are not sufficiently familiar with bottom feeding techniques to sustain 
themselves. Lacking parental assistance, some are able to survive only by 
scavenging and preying on whatever organisms they can capture. These 
rare survivors simply continue to scavenge and prey for the rest of their lives. 

Conclusive evidence of predation by walrus has never been reported in 
the literature. Freuchen (1935) indicated that some adult walrus will eat 
carrion, and Mansfield (1958) also thought the seal remains found in a 
stomach to be carrion. Predation was indicated by Hantzsch’s (1913, p. 155) 
remark that the Eskimos of eastern Baffinland had repeatedly seen walrus 
catch seals with their foreflippers, but only Pedersen (1930) has obtained 
specific information suggesting predation. In East Greenland, Pedersen 
examined a seal that had been mauled by a walrus and concluded that the 
seal died as a result of having been crushed by the forelimbs of the walrus. 
Although this seems credible, some doubt exists about the interpretation, for 
Pedersen did not actually observe the chase and kill, and the seal could have 
been dead before it was taken by the walrus. An incident at Barrow, Alaska, 
in which a walrus carried away a dead seal, was reported by Okak (1956), 
and there are many other non-documented accounts of this type in Alaskan 
Eskimo lore. Freuchen (1935) noted that the Cape York Eskimos have been 
known to “fish” for walrus, using dead seals as bait. 

In the behavioural responses of seals to walrus there is yet another indi- 
cation of interspecific aggression, though not necessarily of predator-prey 
relationship. Walrus are at the top of the interspecific social hierarchy 
among northern pinnipeds (Hediger 1955), and their dominance over phocid 
seals of some genera is particularly strong, even in captivity. Ringed seals 
especially tend to desert or avoid areas occupied by walrus, and the Eskimos 
state that the presence of an obligate carnivore magnifies this reaction enor- 
mously. Some groups of coastal Eskimos who depend upon a supply of seals 
for food and clothing endeavor to kill such invading carnivores immediately, 
in order to allow the seals to return to the hunting grounds (Bailey and 
Hendee 1926, Nikulin 1941). 

Carnivorous walrus are also known to feed on whales, but again there is 
no conclusive evidence of predation. Both Brown (1868) and Freuchen 
(1935) have reported that dead whales are eaten when benthos is not avail- 
able, and fights between walrus and whales, which may rarely lead to the 
death of the latter, have been described. A battle between two walrus and 
a beluga (Delphinapterus leucas) was observed by Tulin (Chapskii 1936) in 
the Kara Sea, but Chapskii considered this incident atypical since he had seen 
walrus and belugas side by side with no indication of hostility. The action 
observed by Tulin, however, has been repeated in captivity by a young bull 
walrus that attacked a beluga in the aquarium of the New York Zoological 
Society (Schumach 1958). Further plausible evidence of such aggressive be- 
haviour on the part of walrus was discovered on St. Lawrence Island, Alaska 
in the fall of 1956. A dead gray whale (Eschrichtius glaucus) that stranded 
near the village of Savoonga was found to have a broken walrus tusk in its 
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head. According to the Eskimos the slender tusk, evidently from a juvenile 
animal, was yellow-brown in colour, indicating that it had been embedded 
for a long time and had not been the cause of death. 

Thus it is clear that some walrus eat other marine mammals habitually 
or under stress of starvation, and it appears possible that some walrus 
actively pursue and kill seals for food. It seems impossible to determine the 
number of seals eaten by an individual carnivore, but during the relatively 
long life span of walrus (up to 20-30 years: Fay 1955, Mansfield 1958), an 
habitual or obligate carnivore could conceivably eat parts of hundreds of 
the smaller species (e.g., Pusa hispida). In doing so, the obligate carnivore 
must become exposed to the same nutritional and parasitological conditions 
as the polar bear (Thalarctos maritimus), for the bear feeds principally on 
ringed and bearded seals (Pedersen 1945). From the seals the polar bear 
evidently acquires a hyperconcentration of vitamin A (Rodahl 1949) and 
frequently an infection of Trichinella spiralis (cf. Rausch et al. 1956). Indeed, 
there are some indications that carnivorous walrus do acquire a high concen- 
tration of vitamin A equivalent to that of bears and the presence of Trichinella 
in walrus flesh has been reported several times. 


Carnivorous walrus and hypervitaminosis-A 


Walrus are much hunted and widely used as food by coastal Eskimos 
and some other northern aborigines, but all these people are reluctant to 
eat the flesh and especially the viscera of carnivorous walrus. The meat of 
the carnivores is “rank and bitter” (Freuchen 1935, p. 250), and the liver is 
customarily discarded because of its alleged toxic quality (Klutschak 1881, 
Collins 1956). According to the Eskimos of St. Lawrence and Little Diomede 
islands, Alaska the sickness produced by eating the liver is the same as that 
produced by eating polar bear liver. The Eskimos describe this as headache, 
nausea, and debility, followed or accompanied by peeling of the skin (espe- 
cially about the face and forelimbs) and loss of hair. Hgygaard (1937) and 
others (see Nieman and Obbink 1954) have described similar general signs 
following ingestion of polar bear liver, and Rodahl (1949, 1950) produced 
these signs experimentally in laboratory animals. Rodahl concluded from 
his experiments that the toxic effect of livers from polar bears and some 
other arctic mammals is due principally to a hyperconcentration of vitamin A. 

In walrus feeding on benthos the vitamin A content of the liver is 
probably quite low. Rodahl (1949, p. 71) found only “traces” in the one speci- 
men that he examined, and one other, processed by the Biochemistry and 
Nutrition Section, Arctic Health Research Center (C. Heller, personal com- 
munication), contained about 500 International Units per gram — a moderate 
content. Unfortunately, there have been no biochemical assays of livers from 
carnivorous walrus for comparison. The similarity between the diets of 
obligate carnivores and polar bears suggests similar hepatic concentrations 
of vitamin A. In the bears this may amount to a content of 13,000 to 18,000 
I. U. per gram (Rodahl 1949), a concentration that is toxic to man. 
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Both the carnivorous walrus and the polar bear feed extensively on the 
skin and blubber of ringed and bearded seals, and it is quite certain that 
most of the vitamin A is acquired from the blubber. Fresh blubber from 
ringed and bearded seals taken in the Bering and Chukchi Seas contains 40-50 
I. U. of vitamin A per gram (C. Heller, personal communication) and as 
much as a million I. U. could be present in the blubber of one seal. 

The chances of vitamin A-charged walrus liver being eaten by man 
seem negligible, for not only are the obligate carnivores rare, they evidently 
are easily recognized and can be avoided. The Eskimos routinely dispose 
of such livers and only occasionally save some flesh and blubber for dogfood. 
Since Caucasians are generally reluctant to eat any part of such “unusual” 
mammals as walrus, they are practically free from this potential health 
hazard. 


Carnivorous walrus and trichinosis 


Although Trichinella spiralis has been known as a parasite of man and 
other mammals for more than a century, its presence in the arctic fauna 
was not recognized until 1934, when Parnell (1934) found larvae encysted 
in the muscles of polar bear and arctic fox (Alopex lagopus). Some years 
after this important discovery, and following an epidemic of trichinosis in 
the Eskimos of West Greenland (Thorborg et al. 1948), scientific interest 
in arctic trichinosis was aroused. Extensive surveys of the boreal fauna for 
evidence of Trichinella infection were begun, with special attention given 
to those species of mammals that are staple foods of northern aborigines 
and explorers. The results of these investigations demonstrated the preva- 
lence of the parasite in a wide variety of hosts (e.g., Rausch et al. 1956), and 
among the more interesting discoveries was the fact that such mammals 
as ringed seals, bearded seals, and walrus are occasionally infected (Roth and 
Madsen 1953). 

Trichinella is primarily a parasite of carnivores, and its transmission is 
mainly accomplished by one mammal eating the infected flesh of another. 
Of all wild arctic mammals examined, polar bears were found to be the most 
frequently infected. As noted above, the bears feed almost exclusively on 
ringed and bearded seals, and it is probable that infective larvae are acquired 
from this source. From where the seals contract their infections and the 
method of larval transmission are unknown, since neither Erignathus nor 
Pusa is known to be carnivorous. 

Regarding walrus, it would be expected that the carnivorous individuals 
are the ones that become infected, and this view seems to be supported by 
a comparison of the trichinosis survey data with material from other sources 
(Table 1). The data show a positive correlation between the percentage of 
carnivorous walrus and the percentage of walrus infected with T. spiralis. 
Unfortunately, this situation is rather more complicated than the data in 
Table 1 imply. It is unlikely, for example, that the sex and age compositions 
of the samples are uniform and representative of the populations from which 
they were drawn; therefore the comparison may not be valid. Since nearly 
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all carnivorous walrus are males, most of the infected animals should also 
be males, and the incidence of infection should increase with the amount of 
flesh eaten (viz., with increasing age and propensity for a flesh diet). Thus, 
in order to determine satisfactorily the role of carnivorous walrus as carriers 
of trichinosis, it would be necessary to classify each walrus examined as 
to sex, age, diet, and the presence or absence of Trichinella. In the data avail- 
able to me, this can be done with only ten animals (Table 2), an insignificantly 
small sample. This sample could be interpreted as indicating no relationship 
between diet and trichinosis, or, conversely, the infected animals could have 
been facultative carnivores that were not recognized as such. The data at 


Table 1. Comparative frequency of occurrence of carnivores and 
Trichinella infections in some walrus populations. 


Walrus stomachs Walrus examined 
examined* for Trichinella** 
Region Per cent 

Number with seal Number Per cent 

with food remains examined infected 
Canadian Eastern Arctic 35 3 401 4 
Greenland (mostly West) 100 2 481 l 
Kara Sea to Denmark Strait 36 11 74 10 
Alaska 30 0 104 1 


* Data from Mansfield 1958 (Canada), Vibe 1950 (Greenland), Chapskii 1936 (Kara 
Sea), Tsalkin 1937 (Franz Josef Land), Brooks 1954, and Fay MS. (Alaska). 

** Data from Brown et al. 1949a and Kuitunen 1954 (Canada), Roth and Madsen 1953 
(Greenland), Thorshaug and Rosted 1956 (Barents Sea, Franz Josef Land and Svalbard 
waters, Greenland Sea, and Denmark Strait), Rausch et al. 1956 and Fay unpublished 
(Alaska). 


Table 2. Age, sex, and diet of walrus 
examined for trichinosis.* 





j 


Estimated Trichinella 


Location Sex age (yrs.) Carnivorousness** (larvae/gm.) 
Canada M 9 no 1 
Canada M 16 no 1 
Canada M 12 no 2 
Canada M 11 yes 0 
Alaska M 13 no 540 
Alaska M 12 no 0 
Alaska M 19 no*** 0 
Alaska F 11 no 0 
Alaska F 20 no 0 
Alaska F 13 no 0 


* Canadian data from A. W. Mansfield (in litt.). 
** Based on stomach contents: no = invertebrate, yes = seal. 
*** Tdentified by Eskimos as possible carnivore, scratches on labial surface of tusks. 
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least demonstrate that identification of infected walrus can only be done by 
laboratory methods and that in practice any walrus should be considered as 
a potential source of Trichinella larvae. 

Before the infection in the Alaskan specimen (Table 2) was diagnosed 
(at Gambell, St. Lawrence Island, in January 1957), some partially-cooked 
flesh had been eaten by several Eskimos and raw flesh had been fed to at 
least twenty sledge dogs. The people and older dogs apparently were un- 
affected by the parasite, but two dogs, approximately three months old, 
became lethargic on the 4th day and vomited large quantities of mucus. One 
of the dogs died on the 5th day and on autopsy a dense population of 
Trichinella adults and larvae was found in its intestine. A few larvae were 
found also in blood smears. The second dog continued to vomit on the 5th 
day and expelled mucus containing numerous adult and larval Trichinella. 
This dog was apparently in good health by the 11th day when observation 
was terminated. 

It is easy to imagine how several people in an isolated community might 
contract trichinosis from eating the raw flesh of a single infected walrus, but 
the Eskimos’ frequent practice of boiling pinniped meat seems to preclude the 
possibility of any widespread epidemic. The epidemic of 1947 in West 
Greenland that was believed to have resulted principally from eating infected 
walrus meat (Thorborg et al. 1948, Skeller 1948) is therefore difficult to 
understand. It seems incredible that some 300 people (about 6 per cent of 
the population) in twelve widely separated settlements could have become 
infected within a 5-month period from the very population of walrus out of 
which a harvest was taken and eaten annually. It is also difficult to explain 
the lack of infections in settlements immediately north of the area of the 
epidemic where walrus, apparently from the same migrant population, were 
also harvested and eaten annually. Since the proportion of infected walrus 
in Greenland waters is only about 1 per cent (Roth and Madsen 1953), 
such a widespread, yet restricted epidemic could have occurred only if the 
bulk of the people in the twelve southern settlements had eaten raw walrus 
meat whereas the people in the north ate cooked meat. Furthermore, such 
extensive consumption of raw meat could have taken place only in 1947; 
otherwise, epidemics of this sort should occur annually in the same region. 

In casting doubt on the original interpretation of this incident, I do not 
intend to belittle the thorough investigations of Thorborg, Tulinius, Roth, 
and Skeller, for they succeeded in obtaining an impressive volume of diag- 
nostic information under adverse field conditions. Judging from the clinical 
evidence, the epidemic must have been trichinosis, but it is my opinion 
that the source of infected meat was incorrectly identified. 

Thorborg and associates noted that the southern edge of the epidemic 
area conformed to the southern limit of the distribution of sledge dogs. It 
was also noted that the dogs (61 per cent infected: Roth and Madsen 1953) 
were considered a delicacy in the epidemic area but were not eaten to a 
great extent except in times of emergency. Finally, it was stated that the 
abnormally warm winter of 1946-7 resulted in poor hunting for some types 
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of game (e.g., polar bears). These few points suggest to me the probability 
that dog flesh was the principal source from which the people contracted 
trichinosis. This was mentioned by Thorborg and his associates, but was 
considered no further because only 21 per cent of the patients queried 
admitted that they had eaten dog meat less than one month before the 
onset of illness. It seems likely, however, that the warm winter and conse- 
quent poor hunting in the southern settlements could have resulted in at 
least a moderate shortage of food and an ensuing increase in the amount 
of dog meat eaten. The fact that at least 21 per cent of the patients had 
eaten dog meat seems, in itself, to indicate that there was a state of “emer- 
gency.” In the more northern settlements, outside the affected area, the 
warm winter should have had less effect on the hunting; more seals should 
have been available; and it was reported that in at least one locality 
reindeer were used. 

It seems most reasonable to consider that the epidemic, an unusual situa- 
tion, must have arisen as a result of unusual circumstances rather than from 
a routine annual occurrence such as consumption of walrus meat. I there- 
fore suggest that the principal source of Trichinella causing the epidemic 
was infected dog meat and that walrus have been erroneously, or in too 
large a measure, implicated in this situation. 


The arctic marine trichinosis cycle 


In the foregoing, I have sought to emphasize that polar bears and car- 
nivorous walrus contract trichinosis primarily by eating infected flesh of 
ringed and bearded seals. I have deduced this from the fact that polar bears 
eat parts of a great number of seals, and some seals are known to be 
infected. The frequency of infection in the bears (over 50 per cent in most 
of the Arctic) also suggests that the source of larvae is some common item 
in the diet. It is my impression that the seal-to-bear transmission has been 
underrated by some investigators, perhaps because of the great difference 
between the incidences of infection in the seals and in the bears (Table 
3). It is apparent, however, that the intermediate and final hosts of 
endoparasites often show a great disparity in irifection rates when a predator- 
prey relationship exists between these hosts. For example, Rausch (1952) 
found 25 per cent of snowy owls (Nyctea scandiaca) in northern Alaska 
infected with the cestode Paruterina candelabraria, but he found no larvae 
of this parasite in nearly two thousand microtine rodents (the intermediate 
hosts) from the same region. Another cestode, Taenia polyacantha, occurs 
in about 85 per cent of arctic foxes on St. Lawrence Island, but less than 
0.5 per cent of the microtine rodents on the island are infected with the 
larvae (Fay and Williamson unpublished). Trichinella spiralis, of course, 
has no separate intermediate hosts, but for seals and bears the statistics of 
host-to-host transmission must be comparable. It seems significant, for 
example, that the frequency of infection in Alaskan polar bears is twice that 
of bears from Greenland (Table 3), where ringed seals are rarely infected. 
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Table 3. Incidence of Trichinella spiralis in 
some arctic marine mammals.* 


Polar bears Ringed seals Bearded seals 
Region Number Percent Number Percent Number Per cent 
examined infected examined infected examined infected 








Canada 3 67 — — — = 
Greenland 247 23 1561 0.06 243 0.8 
Barents Sea to Denmark 

Strait 295 58 8 0.0 300 0.0 
Alaska 104 55 300 0.7 148 0.7 


*Data from Brown et al. 1949a (Canada), Roth and Madsen 1953 (Greenland), Thors- 
haug and Rosted 1956 and Aaser in Connell 1949, p. 103 (Barents Sea, Franz Josef Land and 
Svalbard waters, Greenland Sea, and Denmark Strait), Rausch et al. 1956 and Rausch 
unpublished (Alaska). 


Possibly some polar bears could become infected by eating carrion, 
such as the carcasses of sledge dogs and other bears (Rausch et al. 1956), 
but the available information indicates that this occurs too infrequently to 
be the principal method of transmission. Also, a bear-walrus-bear-etc. cycle, 
as suggested by Cameron (1957), is altogether untenable, for the bears 
rarely eat walrus, and there is no evidence that walrus ever eat bears. 

Pinnipeds other than ringed and bearded seals play an insignificant 
role as prey and as potential sources of infective larvae in the arctic marine 
trichinosis cycle. Neither polar bears nor carnivorous walrus are known 
to eat harp seals (Pagophilus groenlandicus), ribbon seals (Histriophoca 
fasciata), or hooded seals (Cystophora cristata) in appreciable numbers, and 
harbour seals (Phoca vitulina) generally occur too far south to enter into 
the arctic cycle. No Trichinella larvae were found in more than 2200 
specimens of Pagophilus and Cystophora examined by Roth (1950) and 
Thorshaug and Rosted (1956). 

The source from which ringed and bearded seals acquire T. spiralis 
larvae and the method of transmission are two problems remaining to be 
solved. Too little is known about the biology of these seals at present even 
to guess what the solutions may be. It has been shown that Erignathus 
feeds primarily on benthos, and Pusa feeds mostly on macroplankton 
(Pikharev 1941, Vibe 1950, McLaren 1958), and there is no evidence that 
mammalian flesh is ever eaten by either of them. McLaren found, however, 
that ringed seals feeding close to shore had such unusual items as leaves 
and feathers in their stomachs, and in Newfoundland Rosted (Thorshaug 
and Rosted 1956) observed seals (P. vitulina?) eating meat scraps and 
foreflippers cut from young belugas. 

An indirect or accidental method by which Trichinella larvae might 
be transmitted to seals has been suggested by Vibe (1950) and Roth and 
Madsen (1953). These investigators noted that amphipods, which rapidly 
congregate on and devour any vertebrate flesh that sinks to the bottom of 
northern seas, are eaten in large quantities by ringed seals and to some 








120 CARNIVOROUS WALRUS 


extent by bearded seals. In eating such swarms about infected carcasses of 
sledge dogs and polar bears, the seals might ingest some Trichinella larvae 
contained in the guts of the amphipods or in bits of meat inadvertently 
swallowed with them. A preliminary experiment to test this theory was 
undertaken on St. Lawrence Island. Ninety-two amphipods, mostly Ampe- 
lisca macrocephala, were permitted to feed until filled on meat of 
Alaskan brown bear (Ursus arctos) containing about 10 Trichinella larvae 
per gram. Immediately thereafter, the amphipods were killed by crushing 
and fed directly to two dogs, one receiving 57 and the other 35. No larvae 
were found either by direct examination or by the digestion method when 
the dogs were killed 7 weeks later. Further experimentation of this type, 


using heavily infected meat and larger numbers of amphipods, has been 
planned. 


Summary and conclusions 


Although the basic diet of walrus throughout the Arctic consists of 
molluses and other benthic invertebrates, mammalian flesh is sometimes 
eaten by an unknown proportion of the populations. These carnivores are of 
two types: facultative, which eat flesh when benthos is not available, and 
obligate, which subsist principally or exclusively on flesh. The kinds of 
mammals eaten generally are ringed and bearded seals and may also include 
cetaceans. It is believed that some are captured and killed by the walrus, 
but proof of predation has not been obtained. 

The apparent similarity between the diets of carnivorous walrus, espe- 
cially of those that are obligate carnivores, and polar bears is the basis for 
considering the possibility of parallel pathologic conditions (hypervitamin- 
osis-A and trichinosis). There is evidence of these conditions in walrus, but 
further investigations are needed to provide proof of correlation with diet. 

Walrus are important as a potential source of trichinosis transmissible 
to man, but in general the small proportion of walrus infected and the 
Eskimos’ methods of food preparation seem to exclude the possibility of 
serious or especially frequent infection. Positive reactions to intradermal 
tests with Trichinella antigen have been observed in about 26 per cent of 
598 Eskimos from Alaskan and Canadian communities where walrus are 
eaten (Brown et al. 1949b, Brown et al. 1950, Rausch et al. 1956). Although 
the percentage of reactors varies widely (9 to 45 per cent) in different 
localities, the overall infection rate indicated by the tests does not appear to 
be significantly higher than the known rate (16 to 23 per cent at autopsy, 
Gould 1945, p. 61) in the people of the continental United States. With 
progressive acculturation (which seems inevitable) and consequent adoption 
of more effective cooking techniques, the Eskimos’ chances of contracting 
trichinosis should decrease appreciably. 
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A STRAIN GAUGE TECHNIQUE FOR THE 
DYNAMIC MEASUREMENT OF ICE* 
Don B. Clark? 


Introduction 


N THE study of ice properties exists a need for a measuring technique 
that will provide automatic recording of dynamic measurement of strain. 
Present instrumentation methods are slow, tedious, and limit accurate stress 
measurements to those of ultimate strength. Samples for these measure- 
ments have to be cut, which sometimes causes fractures or stresses to occur 
in the samples during preparation. Development of a technique to apply 
the well-tried strain gauge to ice should open to the ice scientist the many 
strain gauge measurement techniques now possible on metal and concrete. 
Early attempts by the author at the U.S. Naval Civil Engineering 
Laboratory to use strain gauges on ice samples resulted in bridge mismatch 
and noise that prevented the balancing of instruments and the recording 
of strain. Paper-backed strain gauges that are commercially available do 
not have sufficient insulating coating to maintain high electrical impedance 
when used on materials with moist or wet conducting surfaces. 


Gauge preparation and application 


To provide the necessary high impedance between gauge and ice a 
suitable coating material for the gauges was sought. Baldwin Type A-5-1 
gauges with the protective felt strip removed were dipped into different 
coating materials and then immersed in sea-water and allowed to soak. The 
impedance measurements at various time intervals are shown in Table 1. 

Zerok 110, a styrene-butadiene copolymer, was the best coating of 
those tested. Fig. 1 shows a coated gauge ready for application. Before 
applying the coated gauge to the ice it was found necessary to face front 
and back of the gauge with a thin absorbent paper (lens tissue) so that 
a “glue line” of fresh-water ice could be formed between the gauge and 
the ice sample. The tissue was coated sparingly with acetone and cemented 
to the gauge with a slight, well-distributed pressure from a sponge. 





* Published by permission of the Commanding Officer and Director, U.S. Naval 
Civil Engineering Laboratory. 

+ Senior Project Scientist, U.S. Naval Civil Engineering Laboratory, Port Hueneme, 
Calif., U.S.A. 
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Applying the gauges to the ice samples is easier if the sample tem- 
perature is reduced below its freezing point. The gauge, after soaking in 
distilled water, is placed on the ice in the desired orientation and pressed 
down with a thin rectangular slice of sea sponge whose face has been 
wetted with distilled water. The gauge and sponge are allowed to freeze to 
the ice surface. If application without the sponge is desired a piece of dry 
ice can be used to build up a layer of ice over the gauge by successive 
applications of drops of water followed by freezing with the dry ice. Fig. 2 
shows the gauge mounted on a cylindrical sample of sea-water ice. 


Fig. 1. Coated strain gauge ready for Fig. 2.. Strain gauge mounted on cylin- 
application to ice sample. drical ice sample. 


In maintaining high impedance between the coated gauge and sea-water 
ice the greatest source of trouble was at the points where the uninsulated 
lead wires leave the gauge. Care must be exercised to prevent mechanical 
rupture of the insulating coat at these points. A greater thickness of coating 
at these critical points can be obtained by touching up with coating material 
after dipping. Replacing the bare solid lead wires with stranded, less rigid, 
insulated lead wires would be of advantage. Repeated temperature cycling 
of a gauged sample that causes thawing and freezing at the surface of the 
sample can lower the gauge-to-ice impedance if the insulating coating has 
been ruptured at any point. 
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Table 1. Insulation impedance of various coating materials on strain gauges 
immersed in sea water. 


: Measured impedance 
Coating material After10 min. After1 hour Overnight 
megohms megohms megohms 


Carboline Neoprene Primer A-10A 60 60 


Zerok 110 (Styrene-Butadiene Copolymer) 1,000 1,000 
Amercoat 33 (Vinyl) 500 400 
Hyperthane intermediate (Urethane) 600 3 
Rubber Cement 1,000 750 
Permakote (Synthetic rubber) 1 1 
Copon, Clear Epoxy 1 0.5 
Copon, White Epoxy 90 


One sea-ice cylinder was prepared with two coated gauges and allowed 
to age in a deep freezer at approximately -17°C. This sample is shown in 
Fig. 2. The impedance was measured daily. After 3 weeks the impedance 
of one gauge dropped from 1,000 to 2 megohms, whereas the other gauge 
maintained its initial high impedance. Brine on the surface of the sample 
indicated that its temperature had risen, and a rupture of the coating at 
the lead juncture of the gauge with the lowered impedance was found. 


Results of dynamic loading of gauged samples of ice 


To test the bond between gauge and ice and the response of the gauge 
to the strain in the ice, strain-gauged cylinders of ice were dynamically 
loaded under compression, and the gauge strain was recorded with a bridge 
amplifier and recorder. The first strain-gauged sample tested on the dynamic 
load machine of the Navy Civil Engineering Laboratory was a specimen 
cored from commercial ice of 3-inch diameter provided with a single 
uncoated Type A-5-1 strain gauge. This was applied in a manner similar 
to that described and was oriented to measure the longitudinal strain from 
the compression loader. A similar sample was used as a dummy to balance 
the Baldwin Type N recorder while the other was being stressed. Strain 
and load readings were taken visually and recorded simultaneously. The 
results are shown in Fig. 3. The loading rate was approximately 2,000 Ibs. 
per minute. Both ice samples were initially at -10°C., but warmed up to 
about -7°C. before the test was completed. 

Later six core samples of ice were provided with three uncoated Type 
A-5-1 gauges each. In a cold chamber they were loaded to failure with a 
manual compression loader. The strain gauges were connected to a bridge 
amplifier and recorder outside of the chamber. It was impossible to balance 
the bridge or reduce the noise, and no strain records were obtained. The 
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failure was caused by the lowering of the impedance between gauges and 
ice. A search for a suitable insulating coating then followed and resulted 
in the choice of Zerok 110. 
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Fig. 3. Stress-strain curve for a cylinder of fresh-water ice of 3-inch diameter. Test 
1, August 27, 1958; approximate temperature -7° C. during test; gauge type A-5-l, 
uncoated. 


A series of tests was made using the coated gauges applied as described 
to cylindrical specimens of both fresh-water and sea-water ice. Stress-strain 
readings from these tests are shown in Figs. 4 to 9. In Figs. 6 and 7 the 
outputs of two longitudinally oriented gauges on each sample are seen to 
compare favourably. Sources of discrepancies between readings of similarly 
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Fig. 4. Stress-strain curve for 
a cylinder of fresh-water ice 

of 3-inch diameter. Test 2, 

100 200 300 400 February 6, 1959; gauge type 
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Fig. 5. Stress-strain curve for a cylinder of sea-water ice. Test 3, February 6, 1959. 
; Salinity 267.; temperature approximately -25°C.; average load rate 25 pounds per square 
inch per second; gauge type A-5-1, coated. 


est oriented gauges on the same sample include misalignment of gauges, differ- 
el, ences in balance and gain of the strain recorders used, variation in the stress 
on one side of the ice cylinder and the other, as well as possible variation 








ed in the gauges after being applied. Errors due to transverse gauge compo- 
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Test 5, February 12, 1959; 
compression; sample 2, pure ice, 
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The curves of Figs. 5, 8, and 9 shows the relationship of readings taken 
with two gauges on each cylinder, one mounted to measure the transverse, 
the other the longitudinal strain. A difference between the slopes of the 
stress-strain curves of similar specimens was observed. This was probably 
due to the differences in temperature of the samples at the time of the test. 
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Fig. 8. Stress-strain 
curve for a cylinder 
of fresh-water ice. 

? Test 6, March 10, 
1959; pure ice, 
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In Fig. 10 we see this relationship for five values of slope taken from five 
separate tests, where the approximate temperatures of the fresh-water ice 
samples during the tests were known. To determine if slippage of gauges 
or plastic flow of the ice could occur at the loading rates used in the series 
of tests, one sample was cycled in 1,000-lb. steps. Fig. 11 shows tracings 
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Fig. 10. Modulus of elasticity against temperature for fresh-water ice. 
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from the oscillograph record of this series of loads. The record was obtained 
from one of two longitudinal gauges. The tracing from the other gauge was 
similar, but reduced in amplitude due to a higher attenuation setting on 
its recorder. It can be seen that the trace returns to its initial value after 
each loading, indicating the absence of discernable slippage of the gauge 
or of plastic flow of the ice at these loading rates. The stress-strain relation- 
ship for this test is shown in Fig. 7. 

After failure of the ice cylinder in the dynamic load machine most 
strain gauges were still intact on the surface of a piece of ice larger than 
the gauge. 
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Fig. 11. Load cycling for a cylinder of fresh-water ice. Tests February 12, 1959; pure 
ice, longitudinal crystals; gauge type A-5-1, coated. 
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Conclusion 


The techniques described above that were developed for preparing and 
applying strain gauges can be used to meaure and record dynamic strain 
in both fresh-water and sea-water ice. The dynamic tests described were 
made to show that strain gauges can be successfully applied to ice samples. 
They can be used to determine the physical properties of ice, such as the 
Poisson ratio and Young’s Modulus, with a considerable degree of accuracy 
if the measurements are made under conditions of controlled temperature 
and with properly calibrated measuring equipment. The author hopes to 
make further tests using these techniques under field conditions. 








NOTES 


NEW MAP OF NORTHWEST TER- 
RITORIES AND YUKON TERRI- 
TORY 

A revised and much-needed map of 
northern Canada, produced and printed 
by the Surveys and Mapping Branch 
of the Department of Mines and Tech- 
nical Surveys, Ottawa, was issued in 
March 1960. The map includes the 
northern parts of the provinces and ex- 
tends to the Pole, using a Lambert 
conical projection with rectified merid- 
ians and standard parallels of 64° N. 
and 88° N. The use of seven colours 
allows the Yukon and the three districts 
in the Northwest Territories to be 
clearly differentiated. The use of a dark 
blue shading for existing glaciers is 
effective, although perhaps a trifle mis- 
leading as to their shape or vertical 
dimensions. 

It replaces the 1939 map of the North- 
west Territories and Yukon that covered 
approximately the same area, but at a 
scale of 80 miles to 1 inch. The extensive 
programme of air photography and 
mapping carried out since World War 
II has provided an accurate and detailed 
representation of Canada’s northland 
and many of the newly adopted place- 
names have been added to the new map, 
as well as bird sanctuaries and game 
preserves. All-weather roads, both 
existing and under construction, and 
major tractor routes are shown by dark 
red lines. Symbols show establishments 
at the settlements, such as RCMP 
detachments, trading posts, meteoro- 
logical stations, hospitals, schools, and 
nursing stations. Perhaps the most 
interesting new features of the map are 
the DEW Line and Mid-Canada Line 
airfields. 

The map, “Northwest Territories and 
Yukon Territory”, measures 36 inches 
by 47 inches and is drawn at a scale of 
1:4,000,000 (1 in. = 63.13 mi.). It is 
available from the Map Distribution 
Office, Department of Mines and Tech- 
nical Surveys, Ottawa at a price of 50¢. 

J. KerrH Fraser 


PERIGLACIAL-GEOMORPHOLO- 
GICAL INVESTIGATIONS AT 
RESOLUTE, 1959* 

In 1959 the Geographical Branch of 
the Department of Mines and Technical 
Surveys instituted a long-term program 
of research in the area at Resolute, 
Cornwallis Island, N.W.T., into prob- 
lems of periglacial geomorphology, a 
relatively new branch of study relating 
to certain soil and landform features 
produced in very cold climates. This 
note is a progress report on the field 
work of the first year carried out by the 
writer, assisted by Jacek Romanowski, 
a graduate of McGill University, Mont- 
real. 

The area was chosen as the site of 
investigations because it lies in an 
active periglacial region. Vegetation is 
almost absent, and the mechanical ac- 
tions of frost are reduced to as simple 
a process as can be found in nature. On 
the large areas of barren land many 
periglacial features are revealed with 
remarkable perfection, especially types 
of patterned ground. Furthermore, 
Resolute is easily accessible by air; 
scheduled flights and many unscheduled 
flights offer opportunity for transport 
of personnel and equipment. The an- 
nual resupply by boat permits move- 
ment of large equipment into the area. 
Limited workshop and laboratory facil- 
ities are available for repair of equip- 
ment, sharpening of tools, etc., an 
important factor in permafrost work. 
The presence of a first-class meteo- 
rological station provides complete 
meteorological data, indispensable in 
the study of periglacial processes and 
phenomena. 

Although in general the 1959 field sea- 
son was intended to be of reconnais- 
sance nature only, a number of studies 
were begun of which many are to be 


* Published by permission of the Direc- 
tor, Geographical Branch, Department of 
Mines and Technical Surveys, Ottawa. 
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continued over a period of years. A 
great mass of quantitative data was col- 
lected, most of which remains to be 
processed. Detailed papers incorporat- 
ing the results will be published later. 
Nevertheless, a few general observa- 
tions on the various projects can be 
made at this time. 

1. Freeze-thaw cycles 

The frequency and amplitude of 
freeze-thaw cycles in the active layer 
of permafrost is a matter of interest to 
many workers in the field of periglacial 
geomorphological study. They are an 
important factor in most theories of 
frost-shattering, and many discussions 
of periglacial processes are based on 
freeze-thaw cycles. There are practi- 
cally no quantitative data on the num- 
ber or intensity of freeze-thaw cycles 
in the Canadian Arctic. 

The writer gratefully acknowledges 
the kindness of the Pure Physics Di- 
vision of the National Research Coun- 
cil for placing temperature measuring 
equipment at his disposal. An automatic 
Speedomax recorder and thermocouples 
were used, providing a continuous rec- 
ord of temperatures at several levels. 
Thermocouples were-placed in a verti- 
cal line to provide a cross-section from 
the standard Stevenson screen to a 
depth of 6 inches in the ground. Individ- 
ual thermocouples were placed in the 
standard screen, immediately above the 
surface of the ground, immediately be- 
low the surface of the ground, and at 
depths of 3 and 6 inches, respectively. 

The following generalizations are 
made on the basis of data obtained. They 
apply to Resolute only and not to other 
parts of the Canadian Arctic without 
additional work in those areas. 

(a) There appears to be little cor-- 
relation between number or intensity 
of freeze-thaw cycles in the standard 
Stevenson screen and those on the sur- 
face of the ground. As most previous 
work on freeze-thaw cycles has been 
based on standard meteorological data 
collected in the Stevenson screen, and 
as periglacial processes take place ac- 
tually on or below the surface of the 
ground, this observation should be of 
rather wide interest. 


(b) Freeze-thaw cycles begin at the 
surface of the ground some weeks be- 
fore they are shown by the ambient air 
temperatures recorded in the screen. 

(c) At Resolute freeze-thaw cycles 
do not penetrate deeper than about 3 
inches into the active layer. The tem- 
perature at this depth rises above the 
freezing point in the spring when the 
ground thaws and remains above it 
until it drops below the freezing point 
again in the fall when the ground 
freezes. 

(d) The minimum daily ambient air 
temperature in the Stevenson screen 
rarely crosses the freezing line during 
the summer. Once the daily minimum 
temperature rises above freezing in the 
spring, it generally remains above it 
until the fall, when it drops very rapidly 
to sub-zero levels. On the other hand, 
temperatures at the surface of the 
ground, responding to changes in solar 
insolation, radiation, wind velocity, etc., 
fall below freezing several times. 

(e) It is apparent that the term 
“freeze-thaw cycle” should be redefined 
to include a time factor. A quick rise or 
fall in temperature across the freezing 
point means little unless it causes freez- 
ing of water or melting of ice. Previous 
studies have based cycles on daily max- 
imum or minimum temperatures as 
recorded in the standard screen without 
consideration of whether or not the time 
was sufficient for the change in temper- 
ature to be effective. 

2. Run-off characteristics of Mecham 

River 

Few quantitative data are available 
on run-off characteristics in the Eastern 
Arctic. Detailed measurements involv- 
nig rate of flow (as measured by a 
portable flow meter), as well as vol- 
ume measurements, were recorded daily 
during the entire summer for the 
Mecham River, a small post-Pleistocene 
stream flowing into Resolute Bay. As in 
the study above, a great many data re- 
main to be processed. A few generaliza- 
tions agree with previous observations 
of other small rivers in the Resolute 
Bay area made by the writer in past 
years. 

(a) The Mecham River was frozen 
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solidly to the bottom until June 20, 
when water started to flow. In a few 
days the volume of water increased 
from 95,000 cubic metres per day on 
June 20 to 4.5 million cubic metres on 
the peak day of July 2. It then fell rap- 
idly and by July 20 the flow was about 
100,000 cubic metres per day, the aver- 
age flow for the remainder of the 
season. By September 10 all flow had 
ceased as the river was again completely 
frozen to the bottom. 

(b) The flow is concentrated in a 
10-day period during which perhaps 
80 per cent of the yearly flow is dis- 
charged. During this time the Mecham 
is a wild impassable river, although 
during the remainder of the year it can 
be crossed practically anywhere with- 
out difficulty. 

(c) The 10-day period coincides with 
the minimum daily air temperature ris- 
ing above freezing, and the melting of 
the snow in the drainage basin. 

(d) Considerable erosion takes place 
during the peak flow; the river carries 
a large load of sediment, and slope 
drainage channels (dry during most of 
the year) are filled with water. At other 
periods the river carries little sediment 
but much material in solution since it 
runs through limestone. 

3. Precipitation as an agent of erosion 

A detailed study of precipitation as 
an erosive agent in the Resolute area 
was continued. The writer made obser- 
vations during four summers in the 
Resolute area, and has now analysed 
the daily records for the 11-year period 
1948-58. Again it must be emphasized 
that these observations apply only to 
the Resolute area. 

(a) It appears that rainfall is not an 
effective erosive agent at Resolute. The 
yearly total rainfall averages less than 
3 inches and is of very low intensity. 
During the 11 years of records there 
were only 233 days of measurable rain, 
ranging from 16 days in 1954 to 28 days 
in 1948. The average rainfall per day of 
measurable precipitation was .12 inches, 
and 73 per cent were less than this 
amount. The greatest amount of rain 
to fall in any 24-hour period was .78 
inches. 


(b) It was observed that over 3 
inches of continuous rain was needed to 
influence greatly the run-off charac- 
teristics of the Mecham River, either in 
volume or increased load of sediment. 
As there are no more than two or three 
rainfalls of this amount in any one year, 
it is suggested that rainfall, as such, is 
not an important erosive factor. 

(c) Rill wash does not appear to be 
an important factor in erosion. In four 
summers the writer has observed a total 
of 14 occurrences of active rill wash, 
and these were usually slight. 

(d) It is suggested that meteoro- 
logical data do not give a true picture of 
the amount of precipitation in a high 
arctic area. A makeshift rain gauge, 
using 100 square feet of roof, collected 
measurable amounts of precipitation 
(i.e., .2 inches in some _ instances), 
whereas for the same period standard 
gauges recorded only a trace. As Res- 
olute records show a trace only of rain- 
fall for 19 days in a year on the average, 
the actual amount of moisture available 
may be larger than the approximately 3 
inches of rain recorded. Although this 
additional moisture will affect water 
content of the soil and chemical action, 
it is not sufficient to act as an erosive 
agent in the form of running water. 

4. Knowledge of soil characteristics of 
various types of patterned ground is 
inadequate. Forty-three individual soil 
samples were taken for mechanical 
analysis and sieved in the field for par- 
ticle size distribution larger than 0.074 
mm (No. 200 Sieve, U.S. Dept of Agri- 
culturé). The larger particles were then 
discarded, and the fines brought back 
to Ottawa for further analysis by hydro- 
meter tests. The results of these are as 
yet incomplete. 

5. One phase of the proposed plan for 
research into periglacial geomorpho- 
logy involves the detailed description of 
the many different phenomena observed 
in the field. Connected with this work 
are photographic studies for illustrative 
purposes. A number of features in the 
Resolute area, including such forms as 
polygons, circles, stripes, nets, niva- 
tion hollows and solifluction forms were 
studied in detail. 
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6. In preparation for future studies, low 
level aerial surveys were flown by 
Spartan Air Services over the area in 
the immediate vicinity of Resolute. 
Flights were made at 5,200 feet above 
sea-level and the photographs will be 
a valuable help in future studies. 

7. Some data on the preferred orienta- 
tion of pebbles in various types of pat- 
terned ground, and in solifluction lobes 
were collected. 

The program for the study of peri- 
glacial geomorphology of the Resolute 
area will be continued over several 
years and intensified as experience is 
gained, and equipment and instruments 
become available. Detailed reports will 
be published as the data are processed. 

The writer wishes to thank members 
of the staff of the Ionosphere Station of 
the Telecommunications Division of the 
Department of Transport for assistance 
given in the field, as well as for labora- 
tory, workshop and congenial living 
accommodation at that station. He 
would especially like to thank Mr. 
Donald Johnson of the National Re- 
search Council for invaluable technical 
assistance with instrumentation. 

FRANK A. Cook 
Geographer, 
Geographical Branch 


VICTORIA LAND TRAVERSE, 
ANTARCTICA, 1959-60 


Although the International Geophy- 
sical Year closed in December 1958, 
antarctic research and exploration did 
not. Through the Arctic Institute of 
North America and under the sponsor- 
ship of the United States Antarctic 
Research Program, antarctic science has 
continually developed since that time. 

During the antarctic summer of 
1959-1960, the Arctic Institute admin- 
istered two ground traverses whose 
purpose was to penetrate unexplored 
regions of the continent and to gather as 
many scientific data as time, logistics, 
and nature permitted. The first of the 
two parties departed from New Zea- 
land’s Scott Base on October 16, 1959 
crossing part of the Ross Ice Shelf 
toward the Skelton Glacier. (The second 


party started from Byrd Station in 
November 1959 and explored the region 
toward the Amundsen Sea.) Ten men 
drove three tracked Sno-Cats towing 
one 24-ton sledge each. On October 
27 the party reached 79°05’S. 162°15’E. 
at the foot of the Skelton Glacier. After 
traversing up glacier through heavily 
crevassed areas, they reached the first 
of three fuel caches laid down by USS. 
Navy and Air Force planes. After con- 
tinuing from the first cache at the edge 
of the Victoria Land Plateau, the trav- 
erse group began the journey to B-61, 
end station of the French traverse of 
1958/9, over 600 miles to the west. 

The journey to the French station and 
then east toward the head of Tucker 
Glacier covered much of Victoria Land 
and part of Terre Adélie. This part of 
the journey war largely at elevations 
well over 8,500 feet. Seismic soundings 
were made at regular intervals to deter- 
mine ice thickness, and gravity and 
magnetic readings were taken. 

On January 30, 1960 the party dis- 
covered a new range of mountains, first 
sighting them in the vicinity of 72°15’S. 
159°45’E. This new range has been 
tentatively named the Arctic Institute 
Range, pending official acceptance. The 
mountains seen trend geographically 
from north to south, roughly parallel 
to the Ross Sea Coast in the east. 
Geological investigation revealed three 
groups of rocks: flat lying sediments, 
massive intrusives, and metasediments 
intruded by pegmatites. 

On February 10, 1960 during aerial 
evacuation of the remaining eight men, 
a new and sizeable glacier was discover- 
ed between the party’s last position at 
72°38.0'S. 161°31.8’E. and Rennick Bay 
on the Oates Coast. This glacier is 
tentatively named Rennick Glacier. It 
is at least 160 miles long and between 20 
and 40 miles wide. 

The maximum elevation reached 
during the traverse was approximately 
9,200 feet and the minimum daytime 
temperature —43°C. A total of 75 
seismic reflection and refraction shots 
were made and over 450 gravity and 
magnetic stations established. The max- 
imum ice thickness measured was over 
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10,000 feet. The Victoria Land Traverse 
party remained in the field 118 days, 
during which they travelled a total of 
1,530 miles, most of it in formerly un- 
explored territory. 

In addition to the scientific results of 
the expedition, much valuable experience 
was gained regarding the logistics of 
this type of undertaking in a polar 
environment. A complete and detailed 


New polar training ship 


On Friday March 18, successful trials 
were run by the training ship Rimja 
Dan, built by the Liirssen Werft, Bre- 
men, for J. Lauritzen, Copenhagen. Like 
her sister ships, the Fenja Dan and the 
Manja Dan, the Rimja Dan will be a 
training ship for 16 apprentices. The 
Fenja Dan has deck apprentices on 
board, whereas the Manja Dan and the 
Rimja Dan train mess apprentices. 

Of 4,275 tons d.w., Rimja Dan is like 
the rest of the Company’s polar fleet 
ice-strenghtened far beyond the re- 
quirements of the Finnish Ice Class I. A. 
Fully loaded, she will have a speed of 
13.5 knots. She is propelled by a B. & 
W. Diesel engine, type 550 VTBF 110, 


NOTES 


report of the logistical aspects has been 
the first of a number of contributions 
soon to be published by scientists of the 
Victoria Land Traverse. This logistics 
report is on file at the Washington, D.C. 
office of the Arctic Institute. 


JOHN G. WEIHAUPT 
Geophysicist-geologist, 
Arctic Institute of North America. 





developing about 3,200 i.h.p., and is built 
to the highest class of British Lloyd’s 
Register. 

Engine and living quarters are placed 
aft, the latter being equipped with the 
usual modern conveniences for naviga- 
tion in tropical and arctic climates. 
There will be three holds, served by 
four hatches and two 5-ton derricks for 
each hatch. The ship is further equipped 
with all modern navigational instru- 
ments, heavy cargo-loading gear, and a 
special crow’s nest in the foremast for 
navigation in ice. 

The crew are accommodated in single 
cabins, and the apprentices in two- 
berth cabins. There is a special mess- 
room for the apprentices, which can 
also be used for educational purposes. 
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OBITUARY 


V. C. Asmous (1891-1960) 


Vladimir C. Asmous was a contributor to the Arctic Bibliography from 1948 
until his death February 19, 1960. He had an extensive knowledge of the literature 
of the natural sciences and he selected and abstracted for this Bibliography nearly 
eight thousand papers mainly by Russian and north European botanists, entomol- 
ogists, etc. He was fluent in four languages and understood half-a-dozen others. 
His linguistic capabilities, a capacity for assiduous work and a fine innate sense 
of discrimination enabled him to direct his energies to literature research after 
his physical health was shattered in the first World War. Mr. Asmous was born 
on April 25, 1891 in St. Petersburg, Russia, son of Lieut.-General Constantine 
Asmous. He was graduated from the Military Engineering College in St. 
Petersburg in 1912 as second lieutenant in the Engineer Corps. In the war of 1914 
he was wounded, shell-shocked and developed TB while he was prisoner of war for 
3 years. From 1919 to 1920 he served in the White Russian army under Generals 
Deniken and Wrangel, after their defeat he lived for 2 years in Turkey and came 
to the United States in 1923. He worked at first in the library of the New York 
Botanical Garden, became assistant librarian of the Arnold Arboretum, Harvard 
University in 1939; and in 1947 transferred to the Slavic Section of the Harvard 
College (Widener) Library, from which he retired in July 1957. During these years 
he published numerous articles on the history of science, lives of scientists and 
contributed to a succession of works that are standard in their field: Merrill and 
Walker’s Bibliography of eastern Asiatic Botany, 1938; Merrill’s Botanical 
bibliography of the islands of the Pacific, 1947; to the Encyclopaedia Britannica: 
bibliographies of prominent botanists, etc. Nearly every month for almost 12 years 
he sent a packet of abstracts to the Arctic Bibliography, the last one, in meticulous 
order, he left on his desk. He was a man of great industry, who loved his work and 
fiercely fought the interference of ill-health, rather tall and spare of figure, a 
constant worrier, yet with a dry humour. He was shrewd in appraisal of work as 
contribution to knowledge, but he did not recognize his own as such. 

Marie TREMAINE 
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Colonel Gerald FitzGerald, 
Governor of the Arctic Institute of North America. 

















INSTITUTE NEWS 


Colonel FitzGerald receives honorary 
degree 

On May 23, 1960 Gerald FitzGerald, 
Governor of the Arctic Institute of 
North America, received the honorary 
degree of Doctor of Science from the 
University of Alaska. His citation reads: 

“In recognition of significant contri- 
butions to Alaska and the geographic 
knowledge of the world by surveying, 
mapping, and charting the vast un- 
known of the Great Land, the Regents 
of the University, by virtue of the au- 
thority in them vested, have conferred 
upon Gerald FitzGerald The Honorary 
Degree of DOCTOR of SCIENCE, with 
all the Rights, Privileges, and Honors 
pertaining thereto. Given at College, 
Alaska, on this twenty-third day of 
May, in the Year of our Lord, One 
Thousand, Nine Hundred and Sixty.” 

Colonel FitzGerald was born in 
Burns, Oregon, on January 22, 1898. 
He joined the Geological Survey in 
1917 and served almost continuously 
until 1942 on many different surveying 
and mapping assignments in the United 
States, the West Indies, and in Alaska. 
He was placed in charge of topographic 
surveys in Alaska in 1938. He organized 
and assisted in the original development 
of trimetrogon mapping, a co-operative 
program of the Geological Survey and 
the Army Air Force to provide world- 
wide map coverage for military opera- 
tions. In recognition of this work he 
received the Photogrammetric Award 
of the American Society of Photogram- 
metry for outstanding achievement in 
1944. 

In 1942, he was commissioned in the 
Army Air Force and was assigned to 
the Aeronautical Chart Service. In 1943 
he became the Commanding Officer of 
the Aeronautical Chart Service with 
the rank of Colonel. In recognition of 
his contribution in that capacity he was 
awarded the Legion of Merit. The 


award stated in part that “. . . military 
mapping and charting of vast unknown 
areas of the world has been accomplish- 
ed with amazing speed, resulting in 
reduced operational losses of cargo, 
combat aircraft and personnel.” 

In November 1945 Colonel FitzGerald 
returned to the Geological Survey and 
in May 1947 was appointed Chief Topo- 
graphic Engineer. He held this position 
until his retirement on September 30, 
1957. Colonel FitzGerald now resides in 
Salt Lake City, Utah. 

Colonel FitzGerald is past President 
of the American Society of Photogram- 
metry and the American Congress on 
Surveying and Mapping. He is a mem- 
ber of the American Geophysical Union, 
the Washington Society of Engineers, 
the Canadian Institute of Surveying and 
Photogrammetry, the Cosmos Club of 
Washington, D.C., and the Explorers 
Club of New York. On May 6, 1949, he 
was awarded the Gold Medal of the 
Department of the Interior for distin- 
guished service. 


Retirement of Mr. A. T. Belcher 


Alan T. Belcher retired from the posi- 
tion of Executive Director of the Arctic 
Institute of North America on April 30, 
1960. He had served in this position from 
April 1, 1957 and guided the Institute 
through a period of support of many 
research projects and of substantial 
growth. For example, during his term 
of office the Arctic Institute assumed for 
the first time major responsibilities 
relative to research in the Antarctic. 

In recognition of his service to the 
Institute Mr. Belcher was appointed one 
of the Governors of the Institute by the 
Board of Governors at its meeting in 
Washington, D.C. on May 7, 1960. 

Mr. Belcher has returned to Ottawa, 
Ont. where he resides at 46 Crownhill 
Street. 
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Gifts to the Library 


The Institute Library acknowledges 
with thanks gifts of books, maps, and 
reprints from the following persons and 
organizations: 


T. Armstrong 


. B. Collins 

. Cook 

. Dorogstayskaia 

. Dunbar 

. Filion, S.J. 

. Harrington 

. Jackson 

. Oliver 

. Pihlainen 

. Powers 

-E. Taylor 

Jane S. Tucker 

P. M. Smith 

R. Sprague 

D. Stewart 

I. Whitaker 

Art. Institut Orell Fiissli, A.-G. 
Canada Department of Mines and 


Mg tle, Spt 


2q¢0NNVEMsm: 
nee 


Technical Surveys. 
Office 

Canada Department of Northern Af- 
fairs and National Resources. Canadian 
Government Travel Bureau 

Canada Fish and Wildlife Service 

Canada Meteorological Service 

Dartmouth College. Library. Stefans- 
son Collection 

Denmark. Ministeriet for Grgnland 

International North Pacific Fisheries 
Commission 

Oxford University Exploration Club 

Smithsonian Institution 

Trans-Western Oils Limited 

U.S. Army. Polar Research Develop- 
ment Center 

US. Library of Congress 


Map distribution 


Technical Papers of the Arctic Institute 


No. 4 of this series, THE RELATIONSHIP 
OF THE PEARY AND BARREN GROUND 
CARIBOU. By T. H. Manning, 52 pages, 9 
diagrams and 25 tables, has appeared. 
Copies can be obtained from the Mont- 
real Office at the price of $1.00 to mem- 
bers, $2.00 to non-members. 


REVIEW 


ANTARCTIC SCOUT 

By Ricuarp Lee Cuapretyt. New York: 

Dodd, Mead and Company. 5% x 8% 

inches. xviii + 205 pages, frontispiece 

map, and numerous illustrations. 
$4.00. 

In 1956, obviously with the success- 
ful precedent that had happened 30 
years earlier in mind, the U.S. National 
Committee for the International Geo- 
physical Year, in close cooperation with 
the Council of the Boy Scouts of Amer- 
ica, signed on a Boy Scout, chosen from 
among many candidates, for the first 
year of its coordinated attack on sci- 
entific problems of the Antarctic. Dick 
Chappell was this Boy Scout, and 
‘Antarctic Scout’ is the story of his 
experiences during a year that started 
in late 1956, continued through the 


antarctic winter of 1957 and ended 
in 1958. At the time of his departure for 
Antarctica, Dick was 18 years of age, 
had only recently graduated from high 
school, and for the opportunity had 
forgone college work for two years. 
After due consideration, Dick was 
assigned to the Little America Station, 
much as he would have preferred the 
less populated and more romantic inland 
stations at the South Pole or in Byrd 
Land. As the Scientific Leader of the 
Station at Little America, the honour 
of having a young scientific aide fell on 
me, though in late 1956, deeply involved 
in preparations, I can truthfully say 
that I felt no particular elation over this 
additional burden. To assist in adminis- 
trative duties of the overall supervision 
of scientific work in Antarctica I had 
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also been assigned an administrative 
aide. However, before the winter closed 
in on us at Little America and the last 
ship had left, it became necessary to 
return the administrative aide for med- 
ical reasons. The duties of the Boy Scout 
were doubled. Throughout the year 
Dick served in two capacities. As 
administrative aide he was secretary, 
file clerk, custodian, messenger boy, 
and general handy man. As scientific 
aide he made routine observations at 
one time or another in nearly all the 
sciences; taking notes on the aurora, 
reading ice temperatures daily, plotting 
weather charts and many others. 

Little America was the home of about 
120 men during the 1957 winter, 24 
of these were scientists, making it by far 
the largest and most varied of the US. 
antarctic scientific stations. The rest of 
the population were Navy men, mainly 
Seebees who worked as mechanics and 
as drivers of the tractor trains that 
carried supplies 650 miles inland to the 
Byrd Station, as radio operators, since 
this was the headquarters for the logistic 
and scientific control, and the weather 
central with its heavy demands on com- 
munications; also Navy pilots, airmen, 
and maintenance crews, since Little 
America was one of the main air bases 
in Antarctica. Many Navy men and 
scientists were hard-bitten oldsters; 
others were, like Dick, still in their 
teens. 

Dick’s short and easy-reading story 
relates the adventures that befell him; 
from the Pollywog initiation crossing 
the Equator, through the trials of the 
darkness of three months of night, to 
that most enjoyable part of the ant- 
arctic term: the final sunny summer 
months with varied tasks, opportunities 
to visit foreign bases, and the ever- 


present feeling of a veteran with a 
home not too far away. There is no 
attempt in the book to enter into con- 
troversial problems, and this is admi- 
rable since Dick had a ringside seat at 
many decisions of the first year that 
were not easily nor unanimously made, 
and are now happily forgotten. 

Dick had very badly wanted to go on 
the glaciological summer traverse in 
mid-October from Little America, but 
that party was limited and operations a 
bit dangerous. Furthermore, by this 
time Dick had made himself so useful 
at the base that he could not possibly 
have been spared. The book is out- 
standing in that Dick, though denied 
access to the Pole Station and the 
traverse operations, still had a kalei- 
doscopic variety of experiences. His 
work, unlike that of many others, was 
never routine or monotonous, and the 
evidence of his unflagging enthusiasm 
persists throughout the book. 

Today, scientific work in Antarctica 
continues in ever-increasing breadth 
and depth. A major problem each year 
is to find the one hundred or so sci- 
entists. This book is written in just the 
right vein to arouse interest where 
interest is most important, in those of 
Dick’s generation. However, it will have 
appeal to older people, to readers with 
other interests, the antarctic veterans 
and the stay-at-homes. The thirty-odd 
illustrations in themselves are a com- 
plete story of the moods and highlights 
of the Antarctic. 

My own feelings about Dick are per- 
haps best described by a quotation from 
a radio message I sent back to Washing- 
ton in answer to a query regarding 
required assistants for the second year: 
‘Send me another Boy Scout’! 

A. P. Crary 








GEOGRAPHICAL NAMES IN THE CANADIAN NORTH 


The Canadian Board on Geographical Names has adopted the following names 
and name changes for official use in the Northwest Territories and Yukon Territory. 
For convenience of reference the names are listed according to the maps on which 
they appear. The latitudes and longitudes given are approximate only. 


Tununuk 107 C/6 
(Adopted December 10, 1959) 
Tununuk Point 69°00’N. 134°40’W. 


Lower Blow River 117 A/30 
(Adopted December 10, 1959) 
Trent Bay 68°57’'N. 137°13’W. 


Challenger Mountains 49 A N'% and 39 A N% 
(Adopted December 21, 1959) 


Walker Hill 83°06’°N. 74°16’W. 
(Adopted March 3, 1960) 

Yelverton Inlet 82°26’N. 84°00'W. 
Cape Discovery 83°01’ 78°16’ 
Hanson Point 82°29’ 83°12’ 
Borup Point 82°57’ 78°41’ 
Chart 5450 Hudson Strait 

(Adopted January 21, 1960) 

Awrey Island 62°08’N. 79°16’W. not Kelso Island 
Fort Reliance 75 L and 75 K 

(Adopted January 21, 1960) 

Toad Lake 62°43’N. 111°45’W. 
Sparrow Bay 62°02’ 109°32’ 
Bunting Lake 62°29’ 109°47’ 
Robin Lake 62°27’ 109°15’ 
Magpie Lake 62°26’ 108°52’ 


Walmsley Lake 75 N 
(Adopted January 21, 1960) 


Misty Lake 63°04’°N. 109°47’W. 
Coppermine 86 NW and 86 NE 

(Adopted January 21, 1960) 

Greenhorn River 67°00’'N. 119°33’W. 
Greenhorn Lakes 67°05’ 119°03’ 
Sulky Lake 67°01’ 119°24’ 
Prospect Island 66°57’ 119°37’ 


Anderson River 97 SW and 97 SE 
(Adopted January 21, 1960) 
Tysoe Point 69°36’N. 120°46’W. 


Colville Lake 96 NW and 96 NE 
(Adopted January 21, 1960) 


McGill Bay 66°34’'N. 122°27’W. 
Clearwater Bay 66°45’ 121°27’ 
Big Spruce Hills 66°43’ 121°55’ 


Watson Lake 105 A 

(Adopted January 21, 1960) 

Name changes 

Hasselberg Creek 60°38’N. 129°56’W. not Heigelberg Creek 
Hasselberg Lake 60°54’ 129°49’ not Heigelberg Lake 


Ogilvie Range 106 SW and 106 SE 
(Adopted January 21, 1960) 
North Stewart River 64°06’N. 131°43’W. 
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GEOGRAPHICAL NAMES 


South Stewart River 64°06’ 131°43’ 
Misty Creek 64°07’ 131°11’ 
Cloudy Creek 64°06’ 131°12’ 
Kathleen Lakes 64°14’ 134°11’ 
Altered application 
Stewart River 63°17’ 139°26’ 
Dublin Gulch 106 D/4 

(Adopted January 21, 1960) 

Ann Gulch 64°02’N. 135°50’W. 
Ironrust Creek 64°03’ 135°51’ 
Platinum Gulch 64°01’ 195°5)’ 
Suttle Gulch 64°02’ 135°50’ 
Eagle Pup (gulch) 64°02’ 135°50’ 
Stewart Gulch 64°02’ 135°49’ 
Olive Gulch 64°02’ 135°47’ 
Cascallan Gulch 64°02’ 135°47’ 
Bawn Boy Gulch 64°02’ 135°47’ 
Altered application 

Haggart Creek 63°54’ 136°01’ 
Port Brabant 107 SW and 107 SE 

(Adopted January 21, 1960) 

Hepburn Spit 69°56’N. 128°52’W. 
Louth Bay 69°56’ 131°24’ 
Rescinded 

Whale Island 69°10’ 135°10’ 
Willow Lake 107 C/12 

(Adopted January 21, 1960) 

Willow Lake 69°20’'N. 134°16’W. 
Nesbit Lake 69°22’ 134°04’ 
Cabin Creek 69°17’ 134°09’ 
Crooked Lake 69°21’ 134°10’ 
Umiak Lake 69°24’ 134°23’ 
Burnt Creek 69°26’ 134°28’ 
Grassy Lake 69°21’ 134°28’ 
Porcupine River 116 NW and 116 NE 

(Adopted January 21, 1960) 

Name Changes 

Salmon Fork (river) 66°33’N. 142°35’W. 
Grayling Fork (river) 66°09’ 142°19’ 
Bull Creek 66°14’ 141°50’ 
Markham Inlet 29 A N14 19 AN% and 9 AN% 
(Adopted March 3, 1960) 

Barrier Glacier 82°21’N.  69°35’W. 
Barrier Lake 82°20’ 69°45’ 
Clements Markham Glacier 82°17’ 70°22’ 
Clements Markham River 82°23’ 69°40’ 
Dryas Glacier 82°02’ 71°00’ 
Gilman River 81°56’ 69°32’ 
Gypsum River 82°41’ 68°20’ 
Turnabout Glacier 82°08’ 69°15’ 
Seven Sisters (peaks) 82°05’ 71°00’ 
Seven Sisters Glacier 82°06’ 71°00’ 
Mount Nukap 82°11’ 70°37’ 
Nukap Glacier 82°12’ 70°45’ 
Altered applications 

Abbé Glacier 82°08’ 71°00’ 
Gilman Glacier 82°08’ 71°00’ 


Kennedy Channel 29 A Sj 19 AS4 and 9 AS 


(Adopted March 3, 1960) 
Established names 


Distant Cape 81°43’N. 


64°30'W. 
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not Kathleen Lake 


(only application to headwaters chang- 
ed, former headwaters are now called 
North Stewart River) 


(Headwaters changed from west of 
Haggart Dome to between Haggart 
Dome and Lynx Dome) 


not Black River 
not Orange Creek 
not Siwash Creek 


not The Seven Sisters (peaks) 
not Seven Sister Glacier 

not Mount Nookap 

not Nookap Glacier 
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Dodge River °30 
Dyas Island 45 
Fort Conger (locality) °43 
Heintzelman Lake 
Johns Island 

Miller Island 

Pavy River 

Ruggles River 
Stony Cape 

Sun Cape 

Ida Bay 

New names 

Appleby Lake 
Biederbick Lake 
Black Rock Vale 
Cobb River 

Craig Lake 

Gatter Island 
Kilbourne Lake 
Rogers Lake 

Sun Bay 

Abbé River 

Blister Creek 

Clay Island 

Cuesta Creek 

Daly River 

Eastwind Bay 
Glacier Pass 

Ida River 

Lonesome Creek 
Mesa Creek 

Roundel Glacier 
Salor Creek 

Snow Goose River 
Tent Ring Creek 
Turnabout Lake 
Turnabout River 
The Bellows Valley 
Chandler Fiord 
Hazen Camp (locality) 
McGill Mountain 
Neptune Reef 
Packdog Creek 
Omingmak Mountain 


Varsity Mountain 
Altered application 


, 


, 
, 


Garfield Range 81°40’ 


Name change 


Conybeare Fiord 81°35’ 


Greely Fiord 49 AS'% and 39 AS'% 


(Adopted March 3, 1960) 
Established names 
Adams River 

Henrietta Nesmith Glacier 
New names 

Bridge Glacier 
Eckblaw Lake 
Henrietta River 
Niagara Glacier 
Turnstone River 
Viking Ice Cap 
Whisler Island 
Ptarmigan Creek 
Turnstone Glacier 


68°55’ 
71°46’ 
45’ 
00’ 
50’ 
41’ 
25’ 
15’ 
00’ 
15’ 
35’ 


GEOGRAPHICAL NAMES 


not Bellows (valley) 

not Chandler Bay 

not Hazen (locality) 

not Mount McGill 

not Neptune’s Reef 

not Pack-dog Creek 

not Ubyssey Mountain 
nor Mount Ubyssay 

nor Mount Nukapingowak 
not Mount Varsity 


‘ 


not Conybeare Bay 


not Alberta Glacier 








